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The atithor of this work has been led to its publication 
chiefly through the desire of many professional friends, and 
he would observe, in offering it to the profession, and others 
connected with the measurement of water, that it has been 
his aim not to produce a treatise on Hydraulics, for many have 
been written and leave little or nothing to be desired, but 
rather to introduce a number of Hydraulic Formtdce applicable 
to almost all cases which may be met with in the actual 
practice of the Hydraulic Engineer. 

Neither does the author lay claim to pure originality; 
many of the formulsB have been simplified from other authors, 
and where they have been inserted full proof of their 
accuracy has been afforded to the author during an extensive 
practice. 

Some of the computations are purely original, notably those 
for distribution pipes in towns. 

The Appendix, No. 1, has been added chiefly for the 
purpose of enabling miners, and others engaged in sluicing 
operations or in the use of water for other purposes, to check 
the quantity of water supplied them, and it is hoped that the 
general arrangement of the whole work is such as to afford 
assistance, not only to the professional Hydraulic Engineer, 
but to those engaged in the use of the water supplied 
them. 

Appendix II. contains numerous worked-out exercises 
which it is hoped will enhance the value of the work. 

T. W. STONE. 

October 5th, 1881. 
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CHAPTEB I. 
Plate L 

OF THE FLOW OF WATEB OVER WEIRS. 

Thb velocity of a fisJliiig liquid without friction is given by 
the formula 

V=V'271^ [1] 

in which Y equals the velocity in feet per second, g equals 

the force of gravity, and H equals the height in feet fallen ; 

the value of g varies slightly in different latitudes, but for 

the purpose of hydraulic calculations it may be taken as 

equal to 82*2015, and consequently 2^ in the following 

pages is assumed at 64*403. 

The height due to a given velocity is expressed by the 

formula 

ya ya 

the notation remaining the same as for formula [1]. To find, 

therefore, the theoretical velocity of water flowing over a 

w^, the formula 

V=V2^ [3] 

may be modified to 

8*025 X^H- [4] 

For finding the discharge, however, it is necessary, owing to 
the contraction of the fluid vein and friction, to reduce the 

B 



2 SIMPLE HYDRAULIC FORMULAE. 

sectional area of the water to f rds of that given by the 
measurement from the sill of the weir to still water, and so 
multiply by a coefficient determined by experiment accord- 
ing to the conditions under which the weir is placed, the 
area and width of the approaching channel, the thickness and 
form of the crest and weir basin. For it is evident if the 
width of the weir be the same as that of the channel, no con- 
traction will occur at the ends, but if the weir is much 
narrower than the approaching channel, then contraction 
occurs, which, according to Francis's experiments, is found 
to reduce the effective length • 2 of an inch for each inch 
depth of overfall. A modification of Francis's rule for weirs 
with thin plates is 

G = 2-4953 x{l- O'lnd) x d^^; 
where 

G = gallons per minute ; 

d = depth in inches ; 

n = number of contractions (usually two). 

For the actual velocity then the formula [2J will become 

8-025 xVHxc, [5] 

and for the actual discharge 

D = 8-025 X VH X c x |A; [6] 

in which 

c = the coefficient according to circumstances ; 
A = the area in square feet; 
D = the discharge in cube feet per second ; 
H = the head in feet. 

Tables II. to VI. inclusive show the generally received 
coefficients for weirs and orifices of different forms. In 
reference to the experiments of Mr. Blackwell, I have altered 
the coefficients given in some works by giving their full 
value. The sectional area of water as taken in these works 
is incorrect and confusing. It should be only |rds of that 
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area, and the fall coefficient of experiment taken. From 
these tables it would appear that a coefficient of about 0*615 
to 0*62 may be taken for notches in thin plates with square 
edges if the width above the notch is much wider than the 
width of the notch itself. If the edges are bevelled, as in 
the diagram, Plate I., the coefficient rises to ' 667, and the 
discharge can be calculated by the formula 

f V^x6-34x A = D; [7] 

in which 

d = depth over sill measured to still water, in feet ; 

A = area in square feet ; 

D = discharge in cube feet per second. 

And as this is a formula in ordinary use where gauges fixed 
according to the diagram are placed across streams for the 
purpose of comparison with rainfall, I have calculated a 
Table, No. I., showing the quantities passing over a weir one 
foot wide for every xffth of an inch up to 12 inches deep, 
and then for every ith up to 24 inches, which is the highest 
flow which can be obtained with accuracy from this formula 
[7], an alteration in the coefficient occurring at greater 
depths. This table only applies where there is no velocity 
of approach, and where the form of the weir and approaches 
are as in the diagram ; in other cases formula [6] must be 
used and the proper coefficient applied. 



Of Yelooitt of Approach. 

Where the water approaches the crest of the weir with a 
sensible velocity, the discharge is that due to the difference 
of discharge between two weirs, the one having the discharge 
calculated from the measured head plus the head due to the 
velocity of approach, and the other calculated from the head 
due to the velocity of approach only. 

Mr. Neville gives a rule and works out an example, 
page 104, second edition, in which the notch is 7 feet long, 

^ 1 
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head 8 inches, and velocity of approach 16^ inches per 
second, and from this, by equation [42], he calculates the 
discharge as 13*573 cubic feet per second. This rule is, 
however, complicated, and by the rule I have given the 
discharge would be as follows, taking '628 as the 

coefficient : — 

Cube feet 
per second. 

8-026 X yo- 69781 x 0-628 x t X 4-88 = 13-672 
8-026 X VO-03116 X 0-628 x f X 0-21876 = 0-129 L^J 

Difference which equals discharge in cube ^^^^^ 113.543 
per second | 

The head due to velocity of approach is found by the 

formula 

.2 



(I) 



^, ,1^ = head in feet r8Al 

64-403 •■ -■ 

Feet per 
second. 

for an observed velocity of 16 J inches per second = 1 • 35416 

Therefore 

/l-35416y 

V -956 / 

' ■ ., - — = 0-03115, the head in feet required ; 
64-403 

assuming a coefficient of 0*956 for the channel above the 
weir, which coefficient varies of course according to the 
description of channel above the weir. 

Professor Downing gives a rule where L equals length in 
feet — 



D = c X 5-35 X L X VH3 + 0-03494 x V^ x H^. [9] 

The discharge by this formula, taking c = - 628, would be 
equal to 13-1712 cube feet per second. I consider, 
however, that [8] is the best and simplest to adopt in 
practice. 
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Of the Flow of Water oyeb Subhebged Weibs. 

For a submerged weir, or in other words when the tail 
water rises cibove the sill of the weir, the head to be taken 
becomes the difference of the level of the head and tail 
waters, then the square root of this head multiplied by the 
head from the tail water to the sill of the weir, plus f rds of 
the difference in level between the head and tail waters, 
equals the discharge in cube feet per second ; or by formula, 

d = 8-026 X n/H X (D +1 X H) X L X c; [10] 
in which 

H = difference of level of head and tail waters in feet ; 
D = „ „ between tail water and sill of weir 

in feet; 
c = coefficient according to circumstances ; 
L = length in feet ; 
d = discharge in cube feet per second. 

When the water approaches the weir with a velocity, the 
discharge becomes 



d = 8-026 X c xLx {D X VH + H' + f 

(H + Wf'^ - W'} [11] 

in which H' equals the head in feet due to the velocity of 
approach taken in feet per second. 

The index 1 * 6 or | denotes the cube of the square root of 
the expressions to which it is attached, and is easily found by 
multiplying the logarithm of the number to which the index 
is attached by that index. 

For example, what is the value of the expression 

4* or 4}' ? 

Log of 4 = 0-60206 

1-6 



301030 
60206 



0-903090 
corresponding to number 8 ; 



4 
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consequently 

4* or 4i« = 8. 

Example of Calculation for Submerged Weir, — What is the 
discharge over a submerged weir (Plate I.) 40 feet long, and 
with, the heads as in diagram, and an observed yelocitj of 
approach of 2 feet per second ? 

First, the head due to velocity of approach is, taking the 
coefficient of • 956, to reduce the observed velocity to the 
theoretical velocity, equal to 

2 Y 

— ?-^-^ = 0-067 feet: 
64-403 ' 

and taking the mean coefficient * 628, we have for 1 foot of 
length 



(: 



8-025 X -628 X 1 X {0-8 x ^1*5 + 0-067 + 1 
(l-5 + 0-067y'^-0-06r'^} 

for the discharge in cubic feet per second, equal to 11*68 
cubic feet per second. 

Then 11 - 68 x 40 = 467 • 2 cube feet per second for 40 feet 
wide. The coefficients of the submerged depth, D, and the 
upper part, H, generally differ according to experiments, and 
it is found that from • 5 to • 6 may be taken to represent 
the coefficient for the submerged depth, D, and - 67 for the 
upper part, H. The formula for a submerged weir with these 
coefficients would become 

Lx \^Hx {3-66xH + 4xI>} [12] 

= discharge in cube feet per second ; with no velocity of 
approach, and all dimensions in feet. Where there is a 
velocity of approach and the coefficients differ, formula [11] 
should be used, using the proper coefficients to each portion 
of the expression. 

Formula [10] is used on the supposition that f H or frds 
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of the difference of level in feet between the upper and lower 
waters, plus D, the depth in feet from the lower water to the 
sill of the weir together, multiplied by the length in feet, 
equals the area in square feet to be multiplied by the 
theoretical velocity, or 

8-025 n/H, 

for the theoretical discharge, which again multiplied by the 
coefficient of discharge, according to the nature of the case, 
gives the actual discharge in cube feet per second. And it 
therefore appears that when the water approaches the weir 
with a sensible velocity, the discharge over a submerged weir 
may be taken as the difference of discharge between two 
weirs, that for the first weir being calculated by formula 
[10], H -f- H' being substituted for H, and for the second 
substituting for H in the formula [10] H', or the head due 
to the velocity of approach, and for the expression 
(D + f H) X L, an area equal to f H' x L. 

Taking the former example given to formula [11], we 
shall have for 12 inches wide, and taking the coefficient * 628 
for both depths 



8-025 X V l'567 X ('8 + 1 1-567) x 1 X -628 = 11-62 r.. -. 
8-025 X VO-067 X f (0-067 X 1) X -628= 0-06 •- ■' 

11-66 

equal to discharge in cube feet per second for 12 inches wide. 
Therefore 11-56 x 40 = 462-4 cube feet per second for 
40 feet wide, or a difference of only 1 per cent from formula 
[11] with much less labour. A few more useful formulse and 
examples are appended before closing this chapter. 

Having given the depth of water over a weir and the 
length of the same, to find what depth of water will flow over 
a weir with a different length, the discharge remaining the 
same, the following formula may be used : — 

d,=Qyxd, [12a] 
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in which w and w^ equal the lengths of the two weirs, and 
d and di the different depths passing over. 

Example, — ^Water flowing down a river rises to a height of 
0*87 feet on a weir 62 feet long ; to what height will the 
same quantity of water rise on a weir similarly dreumstanced 
120 feet long ? 

Log of -616= -1-71265 

^8= -1-90421 
X2= 2 



-1-80842 
Number corresponding to log -644. 

Then 0-644 x 0-87 = 0-667 or 6-8 inches = height 
required. 

The fraction f represents the square of the cube root of the 
expression to which it is attached. For example : — 

What is the equivalent of 4^ ? 

Log of 4 = 0-60206 

-7-3 = 0-20068 
X2 2 



0-40136 
Number corresponding to log 2*52. 

.•• 4* = 2-62. 

It is also useful sometimes to find the horizontal distance 
to which a cascade from the crest of a weir will leap in the 
course of a given fEill below the crest. It may be cal- 
culated by the following rule, supposing a coefficient of 
0-667:— 

« = 8-025 X VSx-667, [12b] 
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whioh may be rednoed to 

r = 5-36xVh; [18] 

H being the height in feet to still water, and v the Telocity 
in feet per second, remembering that to obtain the velocity 
the proper coefficient to snit the case mnst always be used. 

Then to find the distance leaped by the cascade we 
have — 



2to<^^ l.V«"irH; [14] 

8-026 8 ^* ^ **' L^*J 



in which 



z = the given Ml in feet ; 
d = the horizontal distance in feet ; 
H = the head to still water over the weir sill in feet ; 
V = the velocity in feet per second. 

Eocample. — To what horizontal distance will the water leap 

in falling 10 feet from the sill of a weir over which 

the head to still water is 6 inches, using the coefficient of 

•667? 

4 

g VlOx -5 = 2-97 feet. 

To calculate the depth at which the sill of a weir should 
be placed heloto the original surface to ensure a given depth 
d^ over the original surface, the weir being submergedi the 
following formula may be used : — 

da = " 7=- * ^i; [171 

' c X Zx 8-025 xVd, ^ '' ^ ^ 

in which 

c = the coefficient of discharge ; 
D = the discharge in cube feet per second ; 
I = the length of the weir in feet; 

the other symbols as stated above. 
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Or by taking the velocity of approach, if any, into account, 

a ^ J^ + ^r-^ J^MP-i 

in which 

h = the head due to velocity of approach. 

Example, — For a river discharging 812*5 cubic feet per 
second, and 70 feet wide at surface, to what depth c^s shall 
the sill of a weir be placed below the original surface to 
ensure the depth of water immediately above it being 
increased by 18 inches or 1 • 5 feet ? We have then, taking 
* 628 as the coefficient of discharge, and as the weir is 70 feet 
wide, 11*6 feet per second will pass over each foot, 

11^6 3 ^^g 

•628x 1 X8*025x VFT ^^ 
= 1*88 — 1 = 0*88 = height in feet required ; 

the submerged weir must therefore be built 0*88 feet helow 

the surface to raise the head 1*5 feet above the former 

level. 

Taking the velocity of approach into account, the result 

becomes by formula [18], taking the value of h calculated 

from formula [2], and taking the theoretical velocity as 

2^ 
equal to 2 feet per second ^, ,^^ = 0*062 feet head. Then 

64:*4:00 

for 1 foot in length we have 

IT;^ , (l-5 + 0'062yg-0'062*g 

*~ •628x1x8-025 xVl'5 + 0-062 * Vl*5 + 0*062 

.•.d2= 1-84 _g (l-5 + 0-062yg-0'062>g 

Vl'5 + 0-062 

The latter part of this expression is best done by logarithms. 
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Log of 1-562 = 0-19368 
X 1-5 1-5 



Log of 0-062 = -2-79239 

1-6 



96840 
19368 



796195 
279239 



0-290520 
Natural number 1 - 95 



-2-188585 
Natural number * 015 



Log of 1-562 = 0-19368 
-f. 2 for sq. root 0-09684 
Natural number 1 * 25. 



Then the expression becomes 





, .. 1-95-0-015 
1-84 i ^.25 ' 


or 


1-84-1-03, 


or 


^2 is equal to 0-81 feet. 



The following formulsB give the discharge in cubic feet 
per second through notches of the various forms shown in 
the diagrams, Plate I. 

For 

A, D = A X c X 8-025 X d}' x {2 x t + 3h) [20] 



B, D = f X cxZxcT'x 8-025 

C, 'D = ^xcxS'025xd}''x{i2xt) + {Sxh)} 

D, D = c X 8-025 X yy X « X d''; 

which for a right-angled triangle becomes 

D = ex 8-025 X xVxd'^ 
for 

E, D = c X 8-025 X 0-9752 x I X d"'; 

and when the parallelogram becomes a square, 
D = c X 8-025 X VTx 0-34478 x P- 



21 

[22] 
'23] 



[24] 
[25] 



[26] 
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For 

F, D = c X 8-025 X A_X h x d}' [27] 

G,D = c X 8-026 X Vr X 0-6103 x A [28] 

H,D = c X 8-026 X Vr X 0-9604 x A [29] 

I, D = c X 8-025 X V7 X 0-7324 X A [80] 

where 

D is equal to discharge in cube feet per second ; 

c a coefficient according to circumstances (see Diagram) ; 

d the depth in feet. 

t width at top or surface of water in feet ; 

h „ bottom in feet ; 

r the radius in feet ; 

I the length in feet. 

One example will suffice. 

What is the discharge from a triangular notch, the width 
of water or t being equal to 2 feet and the depth or d equal 
to 1*78 feet, and taking a coefficient of 0-617 by [23] we 
have 

-617 X 8-025 X :rtr X 2 X V7S^'' = 5-993. 

Log of 0-617 = -1-79029 Log of 1-73 = 0-23805 
„ 8-026 = 0-90444 1-5 

„ •266orTV= -1-42488 

„ 2 = 0-30103 119025 

„ l-73^'^ = 0-36707 23805 



0-77771 0-857075 

No. of log 5 • 993 

Therefore the discharge is equal to 5 - 993 cubic feet per 
second. It may be well to mention that the formula given 
by Professor Thompson for a right-angled triangle for dis- 
charges of from 2 to 10 feet per minute is as follows : — 

Q = 0-317 xH*', 
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in which 

Q is equal to the quantity in cnbe feet per minnte, 
H „ ,9 head in inches, 

and it appears that a coefficient of * 617 nsed in the formnla 
[24] of this work will giye the same result as that obtained 
hy the Professor in his formnla. The adyantage claimed 
for a triangular notch is that the coefficient probably remains 
the same for different depths and widths. 

The diagrams in illustration of this chapter are giyen in 
Plate L, with the coefficients and formnla I propose for each 
form. 
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CHAPTEE II. 

Plate II. 

ON THE DISCHARGE OF WATER THROUGH ORIFICES. 

Although the velocity due to the height of water above the 
centre of gravity of an orifice is not strictly the mean velocity, 
still for all practical purposes it may be so taken, and the 
coefficients of discharge given in the tables comprehend the 
correction for the error arising from using the head from 
still water to the centre of gravity of the orifice, and this 
correction becomes inappreciable when the head exceeds three 
times the height of the orifice. 

This Theoretical velocity is found to be equal to the 
expression 

y= 8-025 X Vh; 

and the Theoretical discharge equal to 

D = 8-025 X VH X A; 
in which 

V = theoretical velocity ; 

■Q. _ I head of water over the centre of gravity of the 

I orifice measured to still water in feet ; 
D = theoretical discharge in cube feet per second ; 
A = area of the orifice in square feet. 

Before entering into coefficients which should be used for 
obtaining the actual discharge in different cases, it may be 
well to give the general rules for finding the centre of gravity 
of the different shaped orifices which may possibly be met 
with in practice. 

These are the square, the right-angled parallelogram, the 
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trapezoid, the triangle, the circle, the semicircle, and the 

polygon. 

To find the Centre of Gravity of a Trapezoid (see Plate II.). 

Let 

a = AL = LD 

h = BK = KC 
3c= KL; 
then 

KG = c X -r-^- 

-f-a 

Supposing 6 in the figure, Plate II., to represent the centre 
of gravity of which it i^ desired to find the position. For a 
triangle the centre of gravity lies upon the straight line 
which joins the summit to the middle of the base at one- 
third (^) of this line distance from the base; this line is 
easily calculated when the sides of the triangle are known, 
for in the diagram, Plate II., calling the side A B, a ; the 
side A C, 6 ; half the side B C or B D, c ; and A D, (2 ; we 
have a^ + 1)^ =^2c^ +2d?. 

Example. — Suppose we have a triangle each side of which 
is equal to 12" or 1 foot, we have then 1^ + 1^ = 2, and 
half the base is equal to 0*5, then 0*5^ x 2 = 0*5; 

.•.2-0-6 = 1-5 
equals twice the square of the line A D on the diagram ; 

.-. VO^ = 0-86. 
Therefore * 86 is equal to the length of the line A D, and 

the centre of gravity is distanced or 0*287 feet from 

o 

the centre of the base. 

The centre of a circle is the centre of gravity. 

The position of the centre of gravity in a semicircle is 

equal to 

0-4244 X E, [34] 

where B is equal to the radius. 
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The centre of gravity in a regular polygon is at its 
geometrical centre. 

It is also necessary in nsing the formula giyen to be able 
to find the areas of the figures enumerated easily, and though 
these of course may be obtained from any work on mensura- 
tion, it will render this work more complete for reference if 
the modes of finding the areas of the fonns of orifice just 
given are inserted. 

For the square. Square its side. 

For the right-angled parallelogram. Multiply one side, 
the larger, by the less. 

The trapezoid. Multiply the sum of the parallel sides 
by the perpendicular distance between them, and half the 
product is the area. 

The triangle. Multiply the base by the perpendicular, 
and half the product is the area. 

The circle. Square the diameter and multiply by • 7854, 
and the product will be the area. 

The semicircle equals half the area obtained for the full 
circle. 

The segment of a circle less or greater than a semi- 
circle. 

Find the area of the sector that has the same arc as the 
segment ; find also the area of the triangle whose vertex is 
the centre and whose base is the chord of the segment, then 
the area of the segment is the difference, or sum of these 
two areas, according as the segment is greater or less than a 
semicircle.* 

The regular polygon. First find the interior angle by the 
following rule. From double the number of sides of the 
polygon subtract 4, multiply the remainder by 90, divide 
the product by the number of sides, and the quotient is the 
number of degrees in the interior angle; next find the 
apothegm thus. Multiply half the side of the polygon by 

♦ To find the area of a sector of a circle, multiply the length of the arc 
of the sector by the radius, and half the product will be the area. 
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the tangent of half i^ interior angle, and the product is the 
apothegm. 

Then for the area the following mle may be used. Find 
the continued product of the side, the number of sides, and 
the apothegm, and half the product is the area. 

To find the area of an irregular polygon. Divide the 
polygon by means of diagonals into triangles and trapezoids, 
and find the area of the different figures and add them 
together for the total area. 

When water issues from a circular orifice in a thin plate a 
contraction occurs at about the distance of half the diameter 
of the orifice ; the diameter of this contraction is equal to 
0*784, that of the orifice being 1, and the curve joining these 
two diameters may be taken as having a radius of about 
1*22 times the diameter of the orifice, the velocity at the 
orifice itself is therefore less than the velocity at the con- 
tracted portion in the ratio of V to 0*784^ or 1 to 0*615, 
and the actual velocity if the area be taken at the opening 
will become 

8*025 X >/H X 0*615. [35] 

It has been proved from experiment, however, that this 
coefficient of 0*615 varies with the form of the orifice, the 
amount of head over it, its position in the sides of the vessel, 
and the proportion its breadth or diameter bears to the head 
of water upon it (see Tables II., &c.). The formula then 
becomes 



D = 8*025 X VHx Cx A; [36] 



in which 



D = discharge in cube feet per second ; 

H = head in feet from still water to centre of gravity of 

orifice ; 
= a coefficient according to circumstances (see Plate 

n.); 
A = area of orifice in square feet. 





•^ 
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SUBMEBGED ObIFIOES. 

When the water from the orifice discharges into air, the 
head may be assumed aa that from the centre of gravity of 
the orifice to the level of still water above the same^ as before 
stated ; but nothing could be more erroneous than to take 
this head when the orifice is either wholly or jpartially sub- 
merged. The head or depth in the first case becomes equal 
to the difference of the pressures, or the difference in height 
between the surfaces of the water on each side of the orifice. 
The discharge for a wholly submerged orifice is therefore 

8-025 X VH'xcxA; [37] 

in which H' equals the difiEierence of level from still water 
between the upper and lower waters (see Diagram 2^ 
Plate n.). 

When the orifice is partially submerged, the submerged 
depth is equal to the difference in level between the height from 
the bottom of the orifice to the surface of the upper water, <»nd 
the height from the surface of the upper water to the surface 
of the lower water, and the remaining depth to the difference 
between the height of the upper water above the lower, and 
the height from the top of the orifice to the upper water, or 
in the Diagram 3, Plate II. 

The submerged depth equal to h -''h 
And the remaining depth equal to % ^ ^. 

Galling, then, the submerged depth d and the remaining 
portion cZi, and A the difference of level of the still water on 
each side of the orifice, we have for the discharge of the sub- 
merged portion in cubic feet per second, with all dimensions 
in feet, equal to 

cxlxd^Hx 8-025, [38] 

and for the remaining portion di 

I- X c X 8-025 X (M'^ - i"'^) X I; [38a] 
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in which 

e = the coefficient ; 

I = the length in feet ; 

and the other letters signify as stated aboTC. 

The discharges found by formnke [38] and [38a] mnsi 
then be added to obtain the total discharge in cubic feet per 
second. 

This form of the equations is given as the coefficient c may 
be of a different yalue for the upper and lower depths. If, how- 
. erer, it is assumed the same, the following equation may be 
substituted for discharge in cubic feet per second^ all dimen- 
sions in feet, and the letters haying the same ralue as above. 

D = c X I X 8-026 xldx VT+ J x (^i«-<i«)}. [39] 

On Yelooitt or Appboaoh. 

When the water approaches a fuUy submerged or wmHh' 
merged orifice with a sensible velocity, the following formula 
must be used : — 

D =A X 8-026 X VH X c X \/(l + §) P^a] 

where 
D = discharge in cubic feet per second ; 
A = area in square feet of the orifice ; 
H = head measured from centre of orifice to still water 
if not submerged, or difiference of level between 
head and tail waters if submerged, in feet ; 
e = coefi&cient according to circumstances ^see Plate IL) ; 
H^= the head in feet due to the velocity of approach 
(see [8a]). 

When a velocity of approach occurs in partially submerged 
orifices, substitute in the formula [39] 

;^ + H| for ft, 
and 

t + Hi for U 

o 2 
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It is frequently required in connection with lock 
chambers on canals and rivers to find the time that the water 
takes to rise a certain height in the lock chamber when sup- 
plied from the canal, and also to ascertain the time in which 
the water will fall to a certain level in the chamber when it 
is required to empty the lock. 

In the Diagram 4, Plate II., let it be required to know in 
what time the surface water K B will sink a given depth to 
L M ; it is given by the formula 

rp ^ 4-012 xa ^^ ^ : . [40]. 

c 
in which 

c = the coef&cient ; 

T = the time in seconds ; 

A = the horizontal area of the vessel in square feet ; 

a = the area of the orifice P in square feet ; 

F and H heights as shown in the diagram feet. 

Eocample, — ^For a circular tank of 3 feet diameter, in what 
time will the water fall from KB to L M, or a height F equal 
to 5 feet, the total depth H -f F being equal to 7 feet ? The 
orifice O P being 1 foot diameter and taking • 628 as the 
coefficient, by formula 

Q2 w .»7QK>i Time in 

^.JLU^ X(V"5T2-V2) sees. 

4-012xPx'7854^^^ ^ .^==6-42 [401 

For the time the water takes to rise in a lock chamber to 
the level K L, when filled through an orifice P from a 
canal or large chamber whose surface always remains at the 
same level, the time in seconds of rising from L M to K L is 
given by the formula 

2 X A X /F p... 

ex ax 8-026' ^ -^ 

and therefore the time of rising from the centre of the orifice 
to L M equal to — 
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Supposing, therefore, the lower vessel to be at first empty, 
first find the contents in cube feet contained by the vessel 
balow the centre of the orifice P, and call it 0, then the 
time of filling in seconds to the level of the centre of P is 
given by the formula 

8-025 X cxax V"H' ^^^^ 

where 

H = the head in feet, as shown in the diagram ; 
a = area of the orifice in square feet ; 
c ^ a coefi&cient (see Plate II.). 

The time, therefore, of filling up to any level L M is equal 
to the addition of the time found by [42] and [43] or 

These formulsa apply to single locks, but the expressions 
for double locks are so easily deduced that it is unnecessary 
to repeat them here. Half the water only is used by pro- 
viding double locks, but the expense is great, and it depends 
much upon the available supply of water whether single or 
double locks should be used ; only half the water is used also 
by locking boats up and down alternately. 

To find the quantity of water expended in passing a boat 
through a lock, subtract the amount of displacement from 
the cubic contents of the lock. 

Obifiob undeb Variable Head. 

When the head on an orifice is variable, to find the con- 
stant head which would have given the same discharge in the 
same time the following formula may be used : — 

H' - ( g-^ Y- 

~V2(VH-Vli)>'' 
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in which 

H' = the constant head in feet ; 

H = the head of the reservoir at the commencement of 

the flowing ; and 
h = the head in the reservoir at the end of the flowing. 



Time taken to Empty a Besebvoib undeb a Yabiable 

Head. 

Take the areas in square feet of the contour line at each 
foot depth, and convert this into cube feet by multiplying by 
the depth of one foot, and And the time necessary to discharge 
this quantity by the formula and coefficient applicable to the 
discharging orifice ; proceed in the samie manner to the last 
depth, adding the several times together, not forgetting to 
multiply the last time obtained by 2 before adding it. The 
result of these additions will be the time taken to empty the 
reservoir. 

The closer the contours are taken together, the more 
accurate will be the result. 



i 
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CHAPTER HL 
Plate HI. 

ON THE DISGHAB6E THROUGH SHORT TUBES. 

Whbn an orifice is thickened or becomes a short tnbe of a 
length of about 2 diameters, the discharge is found to in- 
crease from that given by an orifice in a thin plate, the con- 
traction in this case being about ' 9 when the diameter of the 
tube equals 1 and its proportional area 0*9^ or -81, but this 
coefficient also varies as for an orifice in a thin plate (see 
remarks on causes of variation in coefficients, Chapter II.), 
and the formula becomes 

8-025X VHx Axc = D; [46] 

in which 

H = the head to stiU water from the centre of gravity 

of the tube ; 
A = the area of the tube in square feet ; 
c = a coefficient according to circumstances (see Plate 

m.); 

D = discharge in cubic feet per second. 

It wiU be seen that the theoretical formula for the discharge 
through a tube is exactly similar to that for a thin plate, but 
that the coefficient of discharge rises from about 0*615 in a 
thin plate to about 0*817 in a short tube of 2 diameters. 

As the mean coefficient for short tubes with square edges, 
about 2 to 2^ diameters in length, appears by the tables to be 
0*817, 1 think in practice the formula [46] may be stated, to 
save labour, as below : — 

G= VH'xd'xlS; [47] 

from which we obtain 
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and 



'V 



^ [49] 




VHxl3 • 
where 

G = gallons per minute ; 

H = head in feet measured ta the centre of the lower end 

of the tube ; and 
d = diameter in inches. 

SUBMBBGED TuBES. 

When the tube is wholly submerged, then H in the for- 
mulaa [46], [47], [48], [49], becomes the diflference of level 
between the upper and lower waters. When the tube is 
partially submerged, the formulaa [38], [38a], [39] for thin 
plates may be used, not forgetting to increase the coef&cient 
to 0*817 if the tube have square edges, and to 0*976 if the 
edges are rounded. 

Velocity op Apfboaoh. 

Where the water approaches the tube with a sensible 

velocity, the formulaa [39], [89a] may be used, substituting 

in formula [39] 

A + Hi for A 
and 

t + Hi for t 

« 

(in which the letters have the same signification as in the 
article on thin plates), for partially submerged tubes, and 
increasing the coef&cient to * 817 for square edges and * 976 
for rounded ones, or by formula. 
For partially submerged tubes — 

D = cx^X 8*025 X {dX VT+H; + f 

x(A + H,y5-.(<+H,ys},» V^^A) 

* When the coefficient varies for the upper and lower depths in a 
partially submerged tube, use formulae [38], [38a], substituting 

A + Hi for A, and t ■\- E^ for t 
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and for wkoUy Bnbmerged or unsubmerged tabes — 



D = Ax 8-025 xVH xcx\/(i + ^'), (49b) 

the letters having the same signification as in formula [39a] 
Chapter II., and the coefficient c being taken as 0*817 for 
tubes with square edges, and * 976 with rounded edges. The 
coefficients generally admitted for tubes may be given as 
follows : — 

When the ends next the reservoir are square edged, the 
coefficient is 0*817, as above. 

When the ends next the reservoir are rounded, the co- 
efficient increases up to 0*976. 

When the pipe projects into the vessel, and has square 
edges, the coefficient is reduced to 0*705. 

In tubes converging, the coefficient varies from * 858 at 
1° to * 844 at 50^, the sectional area of the smaller end being 
taken in the formula [46]. 

For a divergent tube the coefficient increases fromO • 858, for 
an angle of 1°, to about * 885, and at 50° decreases from * 985 
to * 872, the smaller area of the tabe being used in both cases. 

The discharge may even be increased over the theoretical 
discharge by a tube of the following dimensions (see 
Plate in.). 

The coefficient in this case appears from Yenturi's experi- 
ments to rise to 1 * 57, the area being taken at the narrowest 
portion. 

Where converging, diverging, or the last-named tubes, are 
unsubmergedf partially submerged, or wholly submerged, the 
same theoretical formulas are used as though the tube were 
of equal bore throughout, the coefficient only being altered 
to suit the case, and in converging and diverging tubes the 
area in square feet being taken at the narrowest portion ; and 
it is of the greatest importance in determining the coefficient 
to be used, to observe accurately the form of the entrance to 
the orifice or tube and its approaches, when it is required 
to obtain the true from the theoretical discharge. 



i 
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When a short tnbe is inclined obliquely (see Diagram 6, 
Plate IIL) the coefficients of discharge decrease and vary at 
from 0-806 at 5° to 0-710 at 65° with the horizontal. 

It most be borne in mind that in all short tubes, unless 
the tube be at least once and a half to twice the diameter, 
the coefficient will not be increased beyond that due to an 
orifice in a thin plate, the reason being that the contracted 
vein at less lengths does not fill the diameter of the pipe. 
If the tube is longer than about 2^ to 3 diameters, an extra 
loss occurs also from friction on the sides ; this will be dealt 
with when we come to deal with long pipes under pressure. 
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CHAPTEE IV. 
Plates IV. and V. 

ON THE FLOW OF WATER THROUGH LONG PIPES, AND 
THROUGH DISTRIBUTING PIPES IN TOWNS. 

When water flows through a series of pipes, three things 
require consideration : the head due to the velocity of entry, 
the head due to Motion, and the head due to change of 
direction by bends ; in long pipes, that is, pipes over 2000 
diameters, the head due to velocity of entry may be 
neglected, for it bears such a slight proportion to the 
frictional head that it is of no practical importance, but 
in short pipes up to 2000 diameters it should never be 
neglected. The friction between the water and the sides 
of a pipe of the length I and diameter d is given by the 
formula 

in which JD equals the "hydraulic mean depth" or 
*' hydraulic radius," which, in circular pipes, always equals 
one-fourth of the diameter, and / a coefi&cient, the value of 
which is given by Darcy as equal to 



0-005 (1 + ^-3^-^), [51] 



4.8 X id 

where ^ c2 is given in feet. 

It is usual, however, in practice, to use a formula in 
which this friction is taken into account, and I have always 
used the following, deduced from Eytelwein, which are 
easily worked by logarithms, and give very accurate results, 
except with very low velocities, when a different formula 
shoiQd be used, which wiU be given hereafter : — 



4 
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in which 






G = gallons per minute ; 
H = head in feet ; 
d = diameter in inches ; 
L = length in yards. 

These formnlaB, which are suitable for a velocity of 2 to- 
3 feet per second, do not include the head due to the velocity 
of entry or bends, which in all cases of short pipes must be 
added to that necessary to overcome friction, as found by 
formulaa [52] to [55] inclusive, for obtaining the total head 
required for passing a given quantity of water. 

The head due to the velocity of entry may be found by 
the formula [48], supposing that the orifice is of the form 
requiring a coefficient of 0*817, otherwise the formula [46] 
reversed must be used, applying the right coefficient. 

Example, — What is the head required to force 100 gallons 
per minute through a 4-inch pipe 100 yards long? 

Head required, 
feet. 

/ 100 V 
For velocity of entry . . f j^ ^q ) = • 23 

For friction .. .. —t^ j^j- =4*01 

Total head required in feet .. 4*24 

The hydraulic inclination of this pipe is therefore 4 ft. 0^ in. 
To make this clear, the hydraulic inclination of a pipe 
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being often mistaken for its actual fall from end to end, let 
US refer to Diagram 1, Plate lY. 

The two pipes AB and CD of the same length hare 
precisely the same hydraulic inclination^ supposing the 
discharging ends B and D to be on the same level, not- 
withstanding the position of their entrances, A and C, in 
the vessel, or their actual inclinations. 

If they be of the same diameter, and the orifices of entry 
similar, the velocities are also the same, and therefore the 
head ^, which we will assume as the head due to velocity of 
entry, is similar ; the head, therefore, to be divided by the 
length for the hydraulic inclination of both the pipes AB 
and C D is the total head H less A, the head required for 

velocity of entry, or y is equal to the hydraulic inclinations 

of the pipes in question. 

It is the practice of some engineers to obtain the head % 
by first obtaining an approximate velocity, and then, by a 
series of tentative operations, repeating the approximations 
until accuracy is obtained, but this, it appears to me, is at 
least a very clumsy way of attaining the desired end. The 
best plan is to assume any discharge at first, and calculate 
the heads required for velocity of entry, bends, and friction, 
and add these heads together ; the proper discharge may then 
be found by the rule that in any pipe or series of pipes the 
diameter and length being constant the discharge varies 
directly as the square root of the head. 

Example. — What is the discharge through a 6-inch pipe 
' 3000 yards long with a head of 50 feet ? 

First, assume a discharge of 200 gallons per minute. 

Head required 
in feet. 

(200 V 
g2 j^Q 1 = 0*182 

Far friction ?5^^ = 63-500 

Total head in feet required per 200 gals, per minute 63* 682 
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Working by logarithms : 



Log 200 = 2-30103 
2-67024 


Log of 6 
X2 

Xl3 

Log of 200 : 
X2 

X 3000 
Log IS'' 

No. to log 

)qnal to 

Gktllons per 
minute. 

= 157-03. 


= 0-77815 
2 


-1-63079 
X2 2 


1-66630 
1-11394 


- 1-26158 
No. of log = - 182 

, Log of 18= 1-26627 

5 


2-67024 

= 2-30103 
2 


6-27636 


4-60206 
3-47712 




8-07918 
6-27635 


therefore the true discharge is c 

V60 X 200 


1-80283 
63-5 



V 63 -682 

If bends had occurred in the pipe the head required for 
them would have been added before performing this last 
proportion. 

For pipes with rery low Telocity it is best to use Prony's 
rule, which modified is 



100 X .\/hMDx ^ - 0-15, 



[66] 



equal to velocity in feet per second, in which H M D = the 
hydraulic radius, or the area divided by the wetted perimeter, 



SIMPLE HYDRAULIC FORMULiB. 31 

both in feet, and — the hydraulic inclination of the pipe in feet 

(see remarks on hydraulic inclinationy 
The role may be altered to 



G = ^y/(l6'36S X 5^-^+0-00666) - 0-08161 

X cP X 2-04, [67] 



and to 



{(2-:o^ + «-««iO-«'«««««}xj 



H = ' " "^ -, [68] 

16-363 "■ •■ 

wheie the letters have the same signification as in formtOa 
[62]. 

Boles [67] and [68] only give the head required for friction, 
that for velocity of entry and bends must always be added. 

There is yet another loss of head to be treated of, viz. that 
due to bends, the formulaB for which may be taken as 
follows : — 

H = {0-131 + (1.847 X (I)"} xl^^l/ ; [68a] 

and 

V = ?60j<H J 

0-131 + (1-847 x(g) } 

in which 

H = the head due to change of direction in inches ; 
r = radius of the bore of the pipe in inches ; 
B = radius of the centre line of the bend in inches ; 
<f> = angle of bend in degrees ; 
y = Telocity of discharge in feet per second. 

As before stated with regard to f, the fraction ^ or 8-5 
mean& the 7th power of the square root of the number to 
which it is attached, or the logarithm of the number multi- 
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plied by 3 * 5 gives the logarithm of the number raised to the 
8*5 power. 

The preceding formnIsB have reference chiefly to circnlar 
pipes, but the discharge of rectangular or any form of pipes 
is easily found by finding the hydraulic radius or hydraulic 
mean depth, equal to the area divided by the wetted perimeter 
for the form required, and then calculating the discharge of 
a pipe of the same hydraulic mean depth, which will equal 
the discharge required. This is founded on the rule that 
the velocity of discharge, whatever may he the form of the pipe 
or channel, is proportional to the hydraulic m£an depth. 

Before applying any of these formulae, however, there are 
several most important subjects to consider. 

A pipe may follow the section of the ground so long as it 
nowhere rise above its hydraulic mean gradient, or virtual 
declivity. Thus in Plate IV., Figure 2, the discharge due to 
the pipe A 6, if of equal diameter throughout, is equal to 
the head H and the length A 6, A being the head for velocity 
of entry. 

If, however, the ground rises above this line of virtual 
declivity, as in Figure 3, Plate IV., the discharge of the pipe 
C D, if of equal diameter throughout, will only be equal to the 
head due to the difference of level of G and E, and the length 
C E, for the lower part of the pipe would only act as a trough, 
and convey the water due to the head H for friction, and A 
for velocity of entry. 

The pipe from F to D would therefore be valueless for 
attaching services to, as the pressure would be lost if a fall 
draught prevailed at D. 

The proper way would be to use pipes of two diameters, 
the larger one from C to E, and the smaller one from E to D. 

This shows how important it is in laying out compound 
mains to first calculate the hydraulic gradients, and then lay 
them on the plotted section of the ground, so as to see that 
none of the hill-tops rise above them. 

When a compound main pipe is given, of which it is 
required to calculate the gradients, the best plan is to assume 
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tmy discharge, and calculate the head due to Telocity of entry 
and friction and bends for each pipe on this assumed dis* 
charge ; by this means a total head required for the assumed 
discharge will be obtained, and as the real head will be dirided 
amongst the several pipes in the same proportion, the actual 
gradients can easily be calculated and laid on the section. 

Before entering on the subject of the distribution of the 
water in the town after the supply has been brought there by 
the main pipe from the service reservoir, the following impor^ 
tant laws with respect to pipes should be well considered. 
Bules [60], [62], and [63], refer only to long pipes, or pipes 
of 2000 diameters, 

[59] When the length and diameter are consiaiUj the dis* 
charge varies directly as the square root of the head. The 
converse of this is also true, vi2. that the head is directly as 
the square of the discharge. 

[60] When the head and length are constanij the discharge 
is directly as the 2 ' 5 power of the diameter, and conversely 
the diameter is directly as the 2 * 5 root of the discharge. 

[61] When the discharge and diameter are coristant, the 
head is directly as the length.* 

[62] When the length and discharge are constant, the head 
will be inversely as the 5th power of the diameter, and con* 
Tersely the diameter will bo inversely as the 5th root of the 
head. 

|63] When the head and diameter are constant, the discharge 
will be inversely as the square root of the length, and con- 
versely the length is inversely as the square of the discharge. 

[64] If a pipe of uniform diameter has a series of branches 
diverging from it, so that the flow of water through it 
becomes less and less at an uniform rate until the pipe 
terminates at a dead end, the virtual declivity goes on 
diminishing, being proportional to the square of the distance 

♦ The 2 • 5 power, or 5th power of square root, of any number is found by 
multiplying the logarithm of the number by 2 * 5, and finding the number 
corresponding to this resulting log. The 2 * 5 root, or square of the 5th 
root, is found by dividing the log. of the number by 2*5. 

B 
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from the dead end, and the excess of the head at any point, 
above the head at the dead end is proportional to the cube 
of the distance from the dead end, and the total virtual fall from 
the commencement of the pipe to the dead end is one third of 
what it would have been had the whole quantity of water 
flowed along the pipe without diverging into branch pipes. 

[65] "When a horizontal pipe A B (see Plate IV., Figure 
4), and a head at A, is that due to a velocity in C D, the dis- 
charge from the pipe A B will be equal to that from C D, but 
a peculiar property belongs to the pipe A B in the position in 
which it is here placed, for if we cut it short at any point €9 
or lengthen it to any extent to E, the discharge will remain 
the same, and equal to that through the horizontal pipe C D. 
The velocity in A B (at the angle of inclination ABC, when 
A C equals the head for friction, or / in the diagram, and 
A B equals C D) is therefore such that it remains unaffected 
by the length A E, or A e, to which it may be extended or 
cut short, and at this inclination the water in the pipe A B is 
said to be " in train," and hence the utility of fixing a general 
hydraulic inclination for the distribution pipes in a town, to 
be described hereafter. 

We will now proceed, with the aid of these rules, to de- 
scribe the best mode of proceeding in order to determine the 
diameters of the distributing pipes in the town, and to do this 
we will refer to the diagram of a supposititious town water 
supply, and follow step by step the calculations necessary. 

It is proposed to supply a town arranged as in the diagram 
Plate V. (inclusive of increase) with water. By what sized 
mains and distributing pipes will the proposed supply be 
effected, after leaving the service reservoir ? 

As to Quantity, — It is first necessary to estimate the 
quantity of water which will be required.* 

We will assume that 40 gallons per head per day is this 
qfuantity ; it of course vanes in different localities — in Eng- 
land, from 25 to 80 gallons per head per day being generally 
« -^ 

* This» in some cases, has been done to determine the drainage area 
required to the storage reservoir. 
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ample for all purposes. At this rate (40 gallons), a dailj 
supply of 40 X 4000 equal to 160,000 gallons would bo 
required in 24 hours. 

It would, however, be exceedingly erroneous to calculate 
the sizes of the distribution mains on this assumption, for it 
is evident that nearly the whole of the supply for domestic 
purposes will be drawn off during a limited nimiber of hours. 
Yarious estimates have been made of the most rapid draught 
which occurs, and it is evident that this varies much in 
different towns. 

Mr. Hawksley, one of the best authorities on this subject^ 
assumes that ^ of the whole supply may be drawn off in 
1 hour, other authorities have foimd that -^ of the supply is 
drawn off in 1 hour, or the whole supply in 10 hours, and 
due regard must be had to the eventual requirements of a 
town which is likely to increase, in fixing the rate of mosi 
rapid draught. In the case before us we will assume, with 
Mr. Hawksley, that the whole supply will be drawn off in 
4 hours, and therefore, in the case under our consideration, 
the supply for which the diameters of the mains must be 
calculated will be equal to 160,000 X 6 = at the rate of 
960,000 gallons in 24 hours. 

As to Head. — A proper rate of virtual head must be given 
to the pipes, and as a clear pressure of at least 20 feet over the 
tops of the houses should be lefb even during the most rapid 
flow of water, in order that the upper stories of the houses or 
places of business may be supplied, and that a sufficient jet may 
be obtained directly from the main in cases of fire, the general 
rate of virtual declivity to be fixed for the distributing pipes 
must depend on the contour levels of the town in question. 

While on this subject, I would suggest that where it is 
proposed to supply a town with water, a plan showing its 
contour lines should be prepared ; this is easily done, if none 
exists, by obtaining the sections of the streets, and from them 
laying down fixed levels on the plan —in fact, in all cases of 
water supply and drainage a plan of this description is in- 
valuable, both for the first calculations of the sizes of the 



{ 
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diBtribntion mains or sewers and for the laying of new mains 
rendered necessary by the want of increased distribution 
owing to an increase in population. It is also necessary in 
large towns to ascertain the proportional distribution of the 
inhabitants in the town, so as to determine the proportionate 
quantity of water required in each district. Betuming to 
the example under consideration: It is usual, in the first 
place, to calculate a main from the service reservoir to the 
centre of the town of sufficient size to deliver the quantity 
required during the most rapid discharge estimated ; this in 
pur case is at the rate of 960,000 gallons in 24 hours, or say 
667 gallons per minute. It is proposed to extend the supply 
to the contour line 110 feet below the eervice reservoir, and 
as it may be necessary to extend it eventually to the contour 
90 feet below same, the available head at this point will be 
90 feet, but as the water should issue at this point with a 
head of 20 feet over the tops of the houses in case of fire, we 
will assume the available head to be 50 feet, which head may 
be assumed as the virtual declivity of the pipes, and be taken 
in computing the size of the main from the service reservoir 
to the centre of the town, by Formula [54] ; the pipe being a 
long one, no notice need be taken of the velocity of entry. 

Diameter in inches. 



</' 



. /667^ X 1452 _^ 3 ^ g.g^^ 



50 

Log 667 = 2-82413 
X2 2 

5*64826 
Log 1452 = 3-16196 

8-81022 
Log 50 = 1 - 69897 

-r5 7-11125 

l-422'26 
26 - 4, number corresponding to logarithm, 

which divided by 3 is equal to 8 - 80, or say 9 inches, and 
adding 1 inch for possible corrosion, say 10 inches. 



SIMPLE HYDRAULIC FORMULA 37 

HftYing Dowdetennined the diAmeier of the mftin from the 
9erviee Nflerroir to the centre of the town, mnd remembering 
thftt in some towns the iwthnate of the fall qnimtity in 4 
liooiB woold be too mnch, 8 or ewea 10 hours msj freqnentlj 
be taken, we wiU now fix the sixes of the distribution msins 
en the ssme sasumption, snd allowing 4 feet loss of head for 
eveiyddO jud& 

In adopting the loas of head equal to 4 feet in ererj 220 
jaid% it mnat be remembered that it is onlj an asBumption, 
and it is moi meant in aawiming it that the terviee reserroir 
ahoold be plaeed at a hei^it abore the town which would 
allow of this loas of head in all the mains at erne tiwae, for it 
18 evident that this would in most cases be impossible, and it 
is also mmeeesBuy, 90 to 150 feet abore the hi^liest portion 
of the town to be supplied being in all cases ample. The 
TfanoM that it is best to act in ealadaiimg the siies of the 
dJ Blribuli on p^es cm ike nMw m fiia m that a loas of head of 4 
feet in evety 220 jaxds occurs, and that the whole of the 
water taken off feom each length has to be paaaed to the end 
of that length, is that in some few mains this loss maj oecur, 
and they must be p ro por iicaied to the greatest bourij demand, 
even Ihaa^ this dpmind and consequent loss of head onlj 
ouumed in one length of 220 yards fer one aecond of time. 

It win be CTident diat with the town under eonsideiBtion, 
ifsnnctfaalIo»4/il0ad4/4/«tf ta mvy 220 yordlf 4/ Mta 
ia the lom oeauwe i mi erne eeami ofOmej and an allowance 
be made fer diwf haigr under a dear bead of 20 feet orer the 
tops of Aehonsea in the Jri^ifat portions, the hooBes being 
asHSMd 20 fee* hi^ diat the 4tffiM reaernHr should be 260 
feet abom Ac hi^ifat portiflns of die town it is only placgd 
90 feet abofve^ whid k of coaacse saipic^aB hereafier dbown, 
fer Ac wbflle of die aerrices could not be drawing at the 
mmmmei nfe at ime time. In the fullowing calcalations, 
Ihiiifiiir, it is only ■wniiiif in calculating thedaaaMters of 
dbe difisrent imiw that a kns <^ kead of 4 feci in cmeiy 2^ 
yards wiD occur, die actual capability of die rrtirulation 
witik the junior leaavoiE, at die bei^ shown on die 
ajh au aijk drtrfine i by Bale yTj. 
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This must be well understood, as errors are frequently 
made by taking a statement as an actual fact, whereas it is 
only an assumption for the purposes of calculation and for 
proportioning each pipe to the greatest hourly demand which 
it may possibly have to meet in a second of time, though of 
course all the pipes in the town would not be called upon to 
meet it at one time. 

The part etched and marked ah cd in the diagram, 
Plate Y.» is supposed to contain 2000 inhabitants, and there- 
fore requires, on the assumption before stated, a supply at the 
rate of 

2000 X 40 X 6 = 480,000 gallons in 24 hours, 

or say, 

334 gallons per minute. 

The remaining 2000 persons are distributed over the 
remainder of the town, requiring a supply at the rate of 

2000 X 40 X 6 = 480,000 gallons in 24 hours, 

or say, 

334 gallons per minute. 

In this town it will be best to first divide the supply 
amongst 3 principal mains running north and south, after- 
wards determining the diameters of the branches by Bule 
[60] ; these mains should run up the streets U T, H Q, 
and K Y. The main XJ T should be capable of supplying 
all the water required as far as the street G R, viz. 365,710 
gallons in 24 hours, or 254 gallons per minute. 

The first 220 yards from to D will therefore require a 
diameter equal to the supply of 182,855 gallons in 24 hours, 
or 127 gallons per minute;* and the second 220 yards, 
68,570 gallons in 24 hours, or 48 gallons per minute. 

The diameters required are therefore as follows, by 
Eule [54] :— 

♦ In all these cases it is assumed that the whole of the water taken off 
from each length has to be passed to the end of that length. 
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Diameter in inches. 

For first 220 yards ^ ^ ^^^ ^3 = 5-16, say 5 ins. 

* / 48^ X 220 
„ second „ /v/ ~ 7-3 = 3 • 49, say 4 ins. 

And by the diagram, from C to 6 and 6 to I will be similar 
sizes. 

We next come to the main to be laid up the street HQ. 

This main should be capable of supplying all the water 
required as fSar as GR on the one side and JP on the other ; 
for the first 220 yards, WX, a quantity equal to 228,570 
gallons in 24 hours, or say 159 gallons per minute, is neces- 
sary, and for the next 220 yards, or WH, 68,570 gallons in 
24 hours, or 48 gallons per minute, are required, therefore — 

Diameter in 

, inches. 

* / 159'^ y 220 
For the diameter from X to W'^ — — — -4.3 = 5-64 

say 6 ins. 

.. „ WtoHV^3?ip?^3 = 3.49 

say 4 ins. 
And by the diagram from X to Y and Y to Q the diameters 
will also be 6 inches and 4 inches respectively. 

We have now to consider the main up the street KV. 

For the first 220 yards 68,570 gallons in 24 hours, or 48 

gallons per minute, will be required ; for the second 220 yards 

84,285 gallons in 24 hours, or 24 gallons per minute. The 

diameters required are therefore as follows, by Rule [54] : — 

Diameter in inches. 



ForfiT8t220yardB^ ^^'^ ^^9 ^3 = 3-49, saydins. 

' / 24^ y 220 
„ second „ ^ _ r 3 = 2-65, say 3 ins. 

The main C M through the centre of the town should also 
have a practical taper. 

For the first 220 yards it will be 10 inches, discharging 
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the full quantity of 667 gallosB per minute, that is up to the 

street FS. 

Diameter in inohes. 

* '6722 X 220 



</ 



Between F S and G E a / -: r 3 = 9-4 



99 



» 



JJ 



GE „HQV^lH!^^8 = 8-27 



JP .. KV^1^^1^V3 = 5.6 



-4-3 = 6-8 



As the head and length used in the above calculations are 
eonstantj the diameters of the mains in any of the above 
streets might have been found by Eule [60] for example. 
What should the diameter of the main from W to X in street 
H Q be to supply 159 gallons per minute, the diameter of 
the main from to D being 5*16 inches, discharging 127 
gallons per minute ? 

Then as 

5^127 : X^iW: : 5-16 : 5-64, 

or the same as calculated before, and the practical diameter 
of the pipe may be taken as 6 inches. 

The rule is worked as follows by logarithms : — 

Log of 169 = 2-20140 

-i-2-6 =0-88066 
X6-16 = 0-71264 

1-59320 

-^?yi29 0-84152 

0-75168 
Number corresponding to log 5 * 64. 

Having now determined the diameters of the principal 
mains in the town, it will be necessary to find the diameters 
of the branch mains, so that services may be attached for the 
supply of the houses. 
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For the cross streets in the most thioklj populated part 
we shall require in each 220 yards a quantity of water equal 
to 71,712 gallons in 24 hours, or 49 * 8 gallons per minute. 
The diameters of these cross branch mains may then be 
determined from any one of the principal mains by Eule [60] ; 
say we determine them from D. 

•" Diameter 

of Main. 
Inches. 

v/i27 : v/i9^ : : 616 : 3-49, say 4 inches. 

By logarithms : — 

Log of 49-8 = 1-69723 

-r-2-6 = • 67889 
X 5-16 = 0-69897 

1 • 37786 

-7- log of v/l27 0-84152 

0-63634 
Number corresponding to log 3 - 49. 

Log of 127 = 2-10380 
^2-6 = 0-84152. 

And for the cross streets in the other portion of the town to 
deliver a quantity equal to 34,285 gallons in 24 hours, or say 
24 gallons per minute in every 220 yards. 

As 

Diameter 
in inches. 

v/l27 : 5^24 : : 6-16 : 2-67, say 3 inches. 

By logarithms : — 

1-38021 

-T-2-5 = 0-55208 
Log 5-16 0-71264 

1726472 

^ log of 5^127 0-84152 

0-42320 
Number corresponding to log 2*65. 
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From these calculations and the diagram it is evident, 
therefore, that the streets F S, G E, J P should be laid 
with 4-inch pipes through the most populous parts, and 
8-inch for the other parts. 

With regard to the leading main or supply conduit from 
the storage reservoir to the service reservoir, it should 
always be large enough to convey the full quantity of water 
which it is estimated can be derived from the drainage area, 
rendering necessary an extension only of reservoir room 
when the population requires an increased supply, a much 
less costly work generally than a duplication of the pipe 
lines. 

To check the former computations to see that the theoretical 
dimensions of the main are large enough for the passage of 
the water required, we may reverse the previous calculations, 
and estimate the loss of head occasioned by each branch-pipe 
and the main pipe. 

For calculating the loss of head in the street mains, it is 
best to first find the proportional discharge of each pipe, the 
10-inch main (theoretical diameter 10 inches) being assumed 
at 667 gallons, or the total quantity for the first 220 yards 
above the 5-inch main. 

On this assumption, therefore, and taking the theoretical 
dimensions of the mains, the 10-inch main will discharge 
667 gallons per minute at street C D. The discharge of the 
5-inch main will therefore be 

as W : 5-16''* : : 667 : 127 gallons per minute. 

The discharge will therefore be, for the portion of 10-inch 
main between TIT and F S, taking at first only 220 yards of 
main to facilitate calculation, 540 gallons per minute.* 



• Only 220 yards of each main is at first dealt with, so that Rule [60] 
may be applied, for this rule is only applicable when the head and length 
are constant. The total heads required are found afterwards by propor- 
tion, using Rule [61], as will be seen hereafter ; the quantities 540, 501, 
459, &c., are, therefore, only assumed quantities for the purpose of con- 
tinuing the calculation. 
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For the next 220 yards the quantity to be deducted will be 
as 10^'* : 3-49«'* : : 540 : 39 gallons per minute. 

Therefore for the space between FS and GB of the 9-inch 
main the discharge will be 501 gallons per minute. 

For the next 220 yards the quantity to be deducted will be 

as 9 •42* : 3-49** : : 501 : 42 gallons per minute. 

Therefore for the space between 6B and HQ, or the 
8-inch main, the discharge will be 459 gallons per minute. 

For the next 220 yards the quantity to be deducted 
will be 

as 8-2r* : 6 •642-* : : 459 : 176 gallons per minute. 

Therefore for the space between H Q and J P along the 7-inch 
main a quantity (assumed) of 283 gallons per minute will 
pass. 

This will be again reduced at cross street J P by 

as 6 •8*'* : 3-49**" : : 283 : 53 gallons per minute. 

The quantity passing along the 6-inch main will therefore be 
230 gallons per minute. 

This will be again reduced at cross street K Y to 

as 6-62'^ : 3-492« : : 230 : 70 gallons per minute. 

We have now to find the proportional discharges of 220 
yards of the 3-inch and 4-inch mains in the upper part of the 
town not yet done. 



For 220 yds. 4-in. in street U T, as 5 • 16* « : 3 



»» 


» 


3-in. 


99 


FS, as3-49*'«:2 


9i 


99 


3-in. 


99 


GR,as3-49*«:2 


>« 


99 


4-in. 


99 


HQ,a85:64^«:3 


n 


99 


3-in. 


99 


JP, a83-49*«:2 


n 


99 


3-in. 


99 


KV, as3-49*'^ :2 


99 


99 


4-in. 


99 


DL,a8 5-16*« :3 


n 


99 


3-in. 


99 


EI, as3-49^«:2 



492a 

652« 

492.« 
65*'^ 

492.5 
65*'' 



Gals, 
per min. 

79:30 



39 
42 

176 
53 
70 

127 
30 



19 
21 
53 
27 
35 
48 
15 
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From these calculations we shall be able to compute the 
probable comparative heads lost in all the mains for 220 
yards of those mains, and so the total head by Eule [61]. 

The head required for the 10-inch main from the service 
reservoir to the point on plan will be for the discharge 
of 667 gallons per minute, taking only the theoretical 
diameter. 

Head required. 
Feet. 
667^ X 88 0, ^^.^^ 

(3 X 10)* 

We will now find out the head required for each 220 yards 
of the different mains for the proportional discharges before 
calculated, and assuming the 220 yards of 10-inch main as the 
standard discharging 667 gallons per minute for the purposes 

of the calculation. 

Head re* 

quired for 

220 yards. 

Feet. 

1273 X 220 
For 5 in. theoretical diameter 5*16 in. /o ^ s.i fi^g =3*99 

» 4:in. „ „ 3 -49 m. ^-3—3.-49^5 = 2-66 

422 ^ 220 
» 4 in. „ „ 3-49 in. ^33^-3749)5 = 3 • 08 

1763 ^ 220 
„ 6 in. „ „ 5-64 in. (3^5.54)5 = 4-91 

532 X 220 
„ 4 in. » » 3-49 in. (3 ^ 3'49)fi '=^'^^ 

70^ X 220 
„ 4 in. „ „ 3-49 in. (3^^-3749^ = 8- 67 

5402 X 220 
„10in. „ „ 10 in. " (3 ^ 10)«~= 264 

o • Q A ' S013 X 220 ^ 

„ 9 m. „ „ 9-4 m. ^3 ^ 9.4), = 3;09 



SIMPLE HYDRAULIC FORMULA. 45 

Head re- 
quired for 
220 yards. 
Feet 
459^ w 220 
Fop 8 in. theoretical diameter 8-27 in. jk — Qrof\5= 4:*93 

„ Tin. .. .. 6-8in.?(|?l^^ = 4.98 

IS • K a ' 230« X 220 ^ ^^ 

»» 6i^ « »» S'C in. -(3-^5-6)5-= 8*69 

Street 

UT4in. .. „ 3-491.. ^^15.= 1.57 

FSSiiu „ „ 2-65in. ^^^JJ.= 2-50 

GBSiB. „ „ 2-65 in. ^|4|s= 3-06 

HQ4in. „ „ 3.49 in. ^^|;|«,= 4-91 

TT> Q- o aK' 279 X 220 ^ ^^ 

JP 8 in. .. „ 2-65 in. ^^-— ^-^^-= 6-06 

KVSin. „ „ 2-65 in. (3x2-65)^ "^'^^ 

DL4in. „ „ 8-49 in. .r..o11w »4-03 



(8 X 8-49)» 



15» y 220 
EI Sin. „ „ 2-68in. ^g^^;g5p=1.56 

From these calcnIationB we can now determine the head 
loet in all the mains, on the same assumption of 667 gaUons 
per minute being discharged, and if our calculations have 
been done oorrectlj, this should agree with the aUowanoe 
asmmed (see pages 35 to 39), being 4 feet in every 
220 yards, plus the head required for the passage of 667 
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»> 



n 



n 



M 



J> 



99 



99 



9» 



99 



99 



9» 



99 



99 



99 



99 



99 



99 



99 



220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
2-20 
220 
220 
220 
220 
220 



: 440: 


:3- 


: 440: 


:2- 


: 440: 


:3- 


: 440: 


:4- 


: 440: 


:4- 


: 440: 


:8- 


: 220: 


:2- 


: 220: 


:3- 


: 220: 


:4- 


: 220: 


:4- 


: 220: 


:8- 


: 440: 


:1- 


: 440: 


:2- 


: 440: 


:3- 


: 440: 


:4- 


: 440: 


:6- 


: 440: 


:8- 


: 2200 : 


:4- 


: 22C0 : 


:1- 



99 
66 
08 
91 
91 



7 
5 
6 
9 
9 



gallons per minute through the 10-inch main from the service 

reservoir to the street U T, viz. 10,780 yards, divided by 

220 and multiplied by 4, or equal to 196 feet, and adding 

16*11, the head required for the 10-inch main to street XJ T, 

brings up a total of 212*11 feet, with which the following 

calculations of total head required should agree. 

The heads are calculated by Bule [61]. 

Total head 
required. 
Feet. 
98 

32 

16 

82 

82 

14 

64 

09 

93 

98 

69 

14 

00 

10 

82 

10 

96 

30 

60 



Street. 






UT 


for 


5. 


FS 


99 


4 


GK 


99 


4 


HQ 


99 


6 


JP 


99 


4 


KV 


99 


4 


CM 


99 


10 


CM 


»» 


9 


CM 


99 


8 


CM 


99 


7 


CM 


99 


6 


UT 


9> 


4 


FS 


99 


3 


GR 


99 


3 


HQ 


99 


4 


JP 


99 


3 


KV 


99 


3 


DLandBN 


99 


4 


ElandAO 


99 


3 



57:17 

64 

09 



93 

98 

69 

67 

50 

05 

91: 9 

05:10 

48:16 

03:40 

56 :15 



5 

6 



187 
4 



Add 4 feet for passing 667 gallons per minute to | 

street F S (see page 40) ) 

Add 16* 11 feet per head required in 10-inch main 16 



Total head in feet and decimals .. 



207 



59 
00 
11 



70 



Or a difference of only 4 • 41, or 2 J per cent., from the total 
head assumed in calculating the distribution pipes. We are 
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now, therefore, enabled by Rnle [59] to calculate the actnal 
demand which, if made on the town at one second of time, 
still assuming the theoretical diameters, would give a clear 
head of 20 feet over the tops of the houses at the highest 
point in the district under consideration, viz. the 90 feet 
contour line, as follows : — 

Gallons per Gallons per 
minute. minute. 

As V207^70 : V50': : 667 : 327. 

The reticulation of this town may therefore be considered 
sufficient for a supply at the rate ofy with the theoretical 
diameters, 327 x 60 x 24 = 470,880 gallons in 24 hours, 
with the service reservoir at its present level, or equal to the 
improbable contingency of the whole population drawing off 
the total supply of 40 gallons per head continuously in 
about 9 hours, and still affording a pressure, in case of fire, 
of 20 feet above the tops of the houses, and equal also to a 
possible emergency of 1760 yards of houses drawing off the 
whole of their proportionate supply in four hours. 

Having now gone into this subject as fully and as accurately 
as the circumstances of the case will allow, a few general 
remarks may be useful to the reader. 

1st. Where the town is very irregular in levels, or many 
suburbs lying at some distance from it have to be supplied, 
and where, therefore, an excessive pressure would be given 
in the lower portions of the town by placing the service 
reservoir at a sufficient height above the higher portions, it 
is best to supply the town under different zones of pressure, 
as is to my own knowledge done in Manchester and HalifiEuc, 
England. Where also, from the large increase of a town 
population, the higher parts do not obtain a sufficient 
pressure, a series of service reservoirs may be constructed 
for each district ; these are then filled in the night, and in 
the day the head, which would otherwise be lost in passing 
the water to the higher districts through the branch mains 
and other reticulation, is gained for the supply of the districts 
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in question ; each case, of conrse, varies, and demands its 
own special considerations ; bat the principle, snch as I have 
laid down for determining the sixes of the distribution 
mains, remains the same. 

2nd. The position of valves, fire-cocks, &c., are not shown 
in the diagram, it would be foreign to the object of this 
work to so show them ; the valves should be placed so that 
as little of the town supply should be shut off as possible 
during the attaching of services or the occasional necessary 
repairs required. 

3rd. In designing the mains or conduits for the supply, a 
special difference always exists in the supply main from the 
etorcbge reservoir to the service reservoir, and the supply 
main from the service reservoir to the town. The first 
named has to supply a constant quantity in the case before 
us of 160,000 gallons in 24 hours. The second named has 
to supply a variable quantity and must be proportionate to 
the greatest estimated hourly draught, or in our case at the 
rate of 960,000 gallons in 24 hours. 

4th. The larger the service reservoir the better, of course, 
three or four days supply at the greatest estimated hourly 
demand is usually considered sufficient to allow of any 
stoppage between the storage and service reservoirs. 

5th. The distribution pipes should always be connected 
with the main supply from the storage reservoir in case of 
repairs being required to the service reservoir, or in case of 
cleansing, &c. 

6th. The main object of a service reservoir is to equalise 
the distribution and reduce the supply main from the storage 
reservoir to a minimum (see 8rd remark). 

7th. All the pipes should be connected with each other in 
the system of distribution, so that the water may have a free 
flow, and as few dead ends put in as possible ; in fact, where 
it is necessary to put an end to the pipe, a branch or turn-up 
fire-cock should be placed so that the mains may be scoured 
occasionally. 

Note referred to on j^ge 42. — The proportional discharges 
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Vary from those for whicli the diameters of the mains were 
oalcnlated, owing to the assumed constant flow of water of 667 
gallons per minute being distributed amongst them according 
to their diameters. The check of the whole work is that the 
total head calculated from these proportional discharges agrees 
to 2^ per cent, with the total head required, by allowing 
4 feet loss of head in every 220 yards of street main in 
the town in question. 

It may be remarked that the proportional quantity which 
would flow down the actual practical mains laid may be 
easily obtained from the proportional quantities previously 
given for the theoretical mains by Bule [60] ; for instance, 
supposing we require to know the actual proportional dis- 
charge at the end of each 220 yards of the 6-incli main in 
street HQ, the proportional discharge through the theo- 
retical diameter being 176 gallons per minute, we have 

6 •64** : 6** : : 176 : 206 gallons per minute. 

The discharge of the 6-inch pipe is therefore 205 gallons 
per minute. 

To those who are unacquainted with the use of logarithms, 
which are necessary to work all hydraulic calculations easily, 
I would recommend * Chambers' Mathematical Tables ' ; 
they should also take one or two lessons from one com- 
petent to teach, and this will probably be found sufficient. 

On thb Flow of Water thbouoh Siphon Pipes. 

Plate VI. 

The siphon is illustrated on Plate YI., Diagram (1), and 
its action may be thus explained. It has been found that a 
column of water 83 or 34 feet high in a hollow tube, wherein 
a vacuum has been formed, can be supported by the pressure 
of the atmosphere upon a water surface, and if we suppose 
that at the highest portion of the siphon c, Diagram (1), a 
partition d is placed, the column between c and A B will not 
only be supported, but it will be forced against the partition 
d with a force equal to the weight of a similar column having 
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a base A and a boiglit of from 83 to 84 feet, less the diffeis 
ence of level between the higher water surface A B and the 
partition d. 

But if the siphon be filled with a fluid, the opposite side 
of the partition d is acted upon by a column with the base d 
and a height equal to 88 or 84 feet, less the difference of 
level between d and the surface of the water D E. It is 
evident, therefore, that this last pressure is less than the 
first, and the consequence is, that if no partition existed, as 
none does exist in the siphon, the liquid section at the 
highest portion of the siphon would be forced forward in the 
direction F C D by a force equal to the difference of the 
levels of the water surfaces A B and D E. 

The head, therefore, to be taken in calculating the di&- 
charge of a siphon when uncovered at the low end is the 
difference of level between the surface of the water at its 
inlet and the centre of the end of the long leg, or difference 
between A B and F, and when both ends are submerged the 
difference between the upper and lower waters, or difference 
between A B and D E, and it is necessary in large siphons to 
have the lower leg immersed to prevent the accumulation of 
air in the lower leg, which would cut off the column. 

For calculating the discharge through a siphon pipe, three 
things must be considered : the head due to velocity of entry, 
the head due to friction, and the head due to the bend at its 
summit ; and the best plan is, when the diameter, length, and 
radius of bend and head are given, to calculate the heads 
required on an assumed discharge for velocity of entry, bends, 
and friction, and add them together, afterwards finding the 
true discharge by Bule [59] (see example in Appendix of 
examples to this work). 

When the length, head, discharge, and radius of bend are 
given, and the diameter is required, assume any diameter and 
calculate the heads required with this diameter, and the 
known discharge and length, for velocity of entry, bends, and 
friction; then by Bule [62] find out what the diameter 
should be with the true head (see example in Appendix). 
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For inserted siphons both ends are nsnallj sabmerged, and 
the head is the difference of level between the upper and 
lower waters. Bules [52] to [55] inclusive are nsed for 
friction, Bnles [47] to [49] for velocity of entry if a co- 
efficient of 0*817 is required, if not [46] reversed must be 
used, or 



in which 



{(j-J-c)-5-8-025}'=H; [66] 



D = discharge in cubic feet per second ; 
A = area in square feet ; 
c = coefficient according to circumstances ; 
B = head in feet. 

For bends use Bules [58a] and [58b]. 

The same rules may be used for siphons proper. 

Square siphon pipes, often used for drainage, <&c., can be 
assimilated to round ones (see page 32). 

It may be mentioned that the practical depth to which a 
siphon proper should be designed to draw should seldom 
exceed 25 or 26 fset 



E 2 
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CHAPTER V. 

ON THE FLOW OF WATER FROM JETS, AND THE 
HEIGHTS ATTAINED BY DIFFERENT DIAMETERS 
OF JET. 

On this subject there are few experiments. From the best 
we have it would appear that, although theoreticaUy the jet 
should rise to a height H, owing to the resistance of the 
air it only attains a height H^, and that the difference^ or H^, 
increases with the absolute height of the jet and diminishes 
with an increase in the diameter. It is also found that H^ 
increases nearly in the ratio of the square of the head, and 
that the curve obtained from different heights of jet having the 
same diameter approaches nearly to that of a parabola, and 
that the head being constant, H^ varies in inverse ratio to the 
diameter of the jet. 

From these observed facts, therefore, we may obtain a 
formula which, from the experiments at haad, is the nearest 
approximation obtainable, which is as follows : — 

B} = ^X -0124; [67] 

in which 

H = the head on the jot in feet ; 

H^ = the difference between the height of head and height 

of jet ; 
d = the diameter of the jet in ^ths of an inch. 

The discharge of jets of course varies with the form of the 
nozzle, and may be calculated by the formula 

G= VH X ei^x 0-22 [68] 

for a nozzle of a good form where the coefi&cient of discharge 
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is equal to 0*943 of the theoretical discharge, and the co- 
efficient 0*22 in the abore formula must be altered to suit 
the case. Some nozzles require a coefficient of only 0'18. 
In the aboTO rule 

H = the head of water in feet on the jet; 
d = the diameter in ^ths of an inch ; 
6 = gallons discharged per minnte. 

When a jet occurs at the end of a long main, the head for 
passing the water through that main must be deducted, and 
the actual nett head on the jet taken. The discharge may 
in the first case be cisgumed as before shown, and the true 
result obtained by Bules [59], &c. ; and as this system of 
oalcnlation has been so often shown and referred to, it is 
unnecessary to here repeat it 

There are many interesting theories with regard to the 
paths of jets from oblique and straight nozzles, but as they 
are not of much Talue in practice, I omit them« 

If mains are laid in a town, it may be mentioned that it 
would not be necessary then to calculate the head lost up to 
the point where the jet is wished to be played, as an applica- 
tion of the pressure gauge to the main during the hours of 
greatest draught would giye the working pressure available 
for the playing of the jet. 
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CHAPTER VI. 

Plate VII. 

ON THE FLOW OP WATER THROUGH CANALS, RIVERS. 

AQUEDUCTS, ETC. 

Long Channels. — ^The theoretical yelocity of water flowing 
through canals, &c., may be found bj the formula, 

VHMDxF = V [69] 

and the actual discharge by 

D = VHMDx F X c X A; [70] 

in which 

D = discharge in cnbic feet per second ; 

V = yelocily in feet per second ; 

HMD = the hydraulic mean depth or the area divided 

by the wetted perimeter ; 

F = the feJl in 2 miles in feet ; 

c = a coefficient, according to circumstances ; 

A = the area in square feet. 

Formula [70] is only applicable to long channels. 

With regard to the coefficient c for liurge channels unen- 
cumbered with the growth of aquatic plants, and regular in 
their form, it may be taken as * 84 ; for smaller channels 
in the same condition, as * 75 ; but where the growth of 
aquatic plants is great, M. Girard conceives it necessary to 
multiply the wetted perimeter by 1 * 7 before dividing it into 
the area in order to obtain the hydraulic mean depth, so 
that for channels where the growth of these plants is great 
the hydraulic mean depth must be found as follows : — 

HMD= ^ \ ^ ; [71] 

P X 1*7 ^ -* 

in which 

A = the area in square feet ; 

P = the perimeter, or wetted border, in feet. 
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Short Channels. — ^Nothing, however, could be more erroneous 
than to use the formula where the channel is short, for 
instance, for a short culvert under a road, or for a flume 
across a stream, for then the head for velocity of entry must 
be considered. The best way in the case of a short flume or 
culvert, is to calculate the head for velocity of entry and 
friction separately for an assumed discharge, and add them 
together, then the true discharge may found by Bule [59]. 

For example, — ^What head must be given to a short aqueduct 
or culvert flume 50 feet long and 8 square feet area, and peri- 
meter 8 lineal feet, to discharge 40 cubic feet per second, 
ooeflEicientO-75? 

For velocity of entry, 

^ , .. ^ { /40 \ 1 2 Head in feet 

Byrule[66]{(^.J.0-75J-r-8-025f = 0-67568. 

Forfrictiony formula [70] reversed can be used, or 

^?.4.cY-T-HMD = F; [72] 

•'. in our case 

/40 V Fall in 2 miles. 

(-^-1- 0-75)^1= 43-54. 

The fiill, therefor, in 50 feet will be 

Fall in 50 feet. 

As 10660 : 50 : : 43-54 : 0-20615 
Add head for velocity of entry before obtained = • 67568 



Total fall required in flume = 0> 88183 

If the discharge had been required for the above flume, the 
head being given, it must be calculated as follows : — 
Assume a discharge of say 32 cubic feet per second. 

For vdocity of entry. 

K32 . ^ -e\ o ^^,]2 Head in feet. 
-g--T-0-76j^8-025| = 0-4417. 
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For frietion. 

(32 \3 Fall in 2 miles. 

-g--^0-75j ^1 = 28-4441 

Then FaU in 50 feet 

As 10560 : 60 : : 28-4441 : 0- 1346 
Add head for yelocity of entry before obtained 0*4417 



Total head required for 32 cnbe feet per second = 0*5763 

The actud giyen head being 0*88183 feet, we haye by 
Hnle [59] 

V0^m3:V0^Ml83::32:,thS^^ 

0-939 X 32 



0*7591 



r= 39*61 



as against 40 cnbe feet per second, the difference arising from 
not carrying ont the decimal places &r enough. 

If the giyen head of 0*88183 had been taken, and the 
discharge taken by formula [70], we should haye had 

Discharge in cube 
feet per aeoond. 

VI X 186*24 X 0-75 X 8 = 81-84, 

or more than double the true discharge, by not allowing for 
the yelocity of entry. 

This should be studied well, as mistakes are frequently 
made, for it will be seen that the head in the case cited to 
produce yelocity of entry is actually greater than that 
required for friction, and therefore the head for yelocity of 
entry should always be calculated until the length of the 
channel becomes so great that it bears such a slight propor^ 
tion to the frictional head that it may be n^ected ; eyen long 
channels or aqueducts should be made rather wider at their 
entrances, and approach the ^Vena Contracta" form as 
nearly as possible, to allow for the slight head required for 
yelocity of entry. 
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On Coniractions in Biver Channels* — ^When the banks of a 
riyer whose bed has a uniform inclination approach each 
other and contract the width of the channel in any way, as in 
Figs. 1 and 2, Plate VIL, the water will rise in the channel 
above the contracted portion A, nntil the increased velocitj 
of discharge compensates for the reduced cross section. 

If we pnt di for the increase of depth immediately above 
the contracted width in feet, and (2, for the previous depth of 
the channel in feet, we shall find the quantity of water 
passing through the lower depth d^ equal to 

c X^X^X 8-025 VdiT [73] 

in which I is the width of the contracted portion at A, and c 
a coefficient according to circumstances, and the quantity of 
water overflowing through d^ equal to 

fXcx^X^iX VSTx 8-025; [74] 

and hence the whole discharge through A is equal to 

D = ex 2X 8-025 V5;x(c2,+ fxci0; [76] 

in which 

D = the discharge in cubic feet per second ; 
e = a coefficient according to circumstances ; 
I = the width of the contracted portion at A in feet ; 
d^ and 4s && shown on diagram and before stated. 

When the object is to find the width I of the contracted 
channel so that the depth of water in the upper reach shall 
be increased by a given depth d^^ we shall find 

. Z = '. -^ [761 

ex 8-025 V^X(4» + tXdi)' ^ -* 

signification of letters as in Bule [75]. 

Ok Yelooitt of Appboaoh. 

When the velocity of approach is considerable, or when 
the height h due to it becomes a large portion of d^ its effect 
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mtist not be neglected. In this case, as before, we find the 
discbarge through the depth cZj equal to 



D = c X Z X <22 X 8-025 x VpT+T) [77] 

and the discharge through the depth d^ equal to 

D = f X c X Z X 8-025 X { (^1 + W - V' }, [78] 

and hence the whole discharge is 

D = cx ZX 8-025 X {d,x ^fW+h) + i 

X [(id, + hy'^^¥'^]}, [79] 

from which we may obtain 

CX8-025X {d,X V(rfi + A)+*x[((fi + Ay*-A»-»]}' ^ 

in which h equals the head in feet due to velocity of 
approach, and the other letters have the same signification 
as in Formula [75]. If the projecting spur at A be itself 
submerged, these formulsB can be extended by finding the 
discharges of the different sections according to the formula 
given and adding them together ; this is so simple, and the 
resulting formula so lengdij to commit to paper, that they 
are omitted. 

These formulsB are also applicable to cases of contraction 
of river channels caused by the construction of bridge piers 
and abutments, when the width I is put for the sum of the 
openings between them. The value of the coefficient will 
depend on the circumstances of the case. 

For piers square to the channel take .. .. .. 0-6 

When the angles of the cutwaters are obtuse take * 7 
And when curved and acute take 0*8 
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APPENDIX L 

PlATBS ym. AVD IX. 



The water snpplied to miners from the races of the 
Victoria (3oyermnent is given in three ways : — 

Ist Throngh a gange box, with a pipe of a length equal 
to two diameters attached, as shown in the Diagrams, 
No. 1, 2, 3, Plate VIIL 

2nd. Through a siphon pipe from the channel, as illus- 
trated in Diagrams 4, 5, Plate YnL 

8rd. Through a sluice-gate opening of known dimensions, 
and with a stated head kept on it, Diagrams 1, 2, 3, 
Plate TX. The modes of calculating the quantity of water 
passed for these three different methods will now be dealt 
with in as simple a manner as the subject admits ot 

For calculating the quantity of water passed through a 
short pipe of two diameters, with square edges, attached to a 
box, as shown in the Diagrams 1, 2, 3, Plate Ym., the 
following formula may be used : — 

G = VWx <2* X 13, 

which, when the diameter is required, may be stated 



and when the head is required 



H 
where 



"{iPxisJ' 



Q = gallons per minute ; 

H = head in feet ; 

d = diameter in inches. 



I 
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The Table, No. YIL, is calculated from this mle, and can be 
extended as follows, this extension being based on one of the 
laws which goyem pipes (see Chapter lY. of this work). 

Bule. — The discharge of any pipe or series of pipes is 
proportional to the square root of the head when the length 
and diameter are constant ; therefore, supposing we wanted 
the discharge through a 4-inch pipe with 4 feet head, we 
haye bj the table for one [1] foot head 208 gallons per 
minute ; therefore, for 4 feet head the discharge will be 

As V 1 : Vi': : 208 : 416 gallons per minute. 

By logarithma. 

Log of 4 = 0-6020600 



Log. of 1 = 0-0000000 -7- 2 0- 8010800 
-1- 2 = 0-0000000 log of 208 = 2-3180683 



2-6190933 
Log VT= 0-0000000 




2-6190933 
Number corresponding to log 416 

2. Li calculating the quantity of water passed through a 
siphon pipe similar to the one shown in Plate YIII., Dia- 
grams 4, 5, three things should actuallj enter into the 
calculation : — 

1st. The head due to velocity of entry. 
2nd. The head due to the bend at the top. 
3rd. The head due to friction in the pipe. 

But as the formula for obtaining the second is very com- 
plicated, and as if a large radius is given to the bend, it 
does not make much difference in the practical result, it may 
be omitted by the practical miner. 

For the first head we shall have, therefore, 
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H 



and for the third 



~ \d' X 18/ 



H = 



G«XL 



(3 X d)^ 

Taking the siphon as shown in Diagrams 4, 6, Plate Ym., 
we will assnme at first that the discharge will be 100 gallons 
per minnte ; therefore, neglecting the bend, 

For velocity of entry. 

Head in feet required. 



For friction* 



(r 



100 



) = 



75» X 18 

100^ X 22 
(3x 2-76)» 

Total head 



= 0-01084 



= 6-76640 



6-76674 



By logarithms. 
Log of 100 
Logof 2-762x13 



X2 



2 • 0000000 Log of 2 • 76 = - 4393327 
1-9926088 X 2 2 



0-0073912 
2 



0-8786664 
X 13 1-1139434 







0-0147824 








1-9926088 


Number oorrespondlDg 


-01034 










Log 


of 100 = 


2-0000000 


Log 


of2 


•76 


= 0-4893827 




X2 


2 


» 


99 


3 


= 0-4771213 



4-0000000 
X 22 1-3424227 



6-3424227 
Logof(3x2-76)»= 4-5822700 

0-7601627 
Number corresponding 6 * 7664 



0-9164640 
X 6 6 

4-6822700 



i 



\ 
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Then by the rule before mentioned we have 

GktUons per 
minute required. 

As V5-76674: VlO::100 : 131-68 

By logarithms. 

Log of 10 = 1-0000000 

-T-2 0-5000000 

X 100 2-0000000 



Log of 5 - 76674 = - 7609274 2 • 5000000 

0-3804637 



For square root -^ 2 = • 3804637 

2-1195363 
Nnmber corresponding to log 131 * 68 

The discharge through the siphon pipe is therefore, neglect- 
ing the bend at the smnmit, nearly 132 gallons per minute 
if it is wished to include the bend (see Chapter lY., on pipes 
and siphon pipes) ; if the head required for the bend were 
added, if it is of a large radius the difference would be prac- 
tically nothing, but if of small radius it should be added, as 
it would reduce the discharge. 

3. In calculating the quantity of water passed through a 
sluice gaie with side walls, as in the Diagram 1, 2, 3, Plate IX., 
the formula to be used for obtaining ihe number of gallons 
per minute with a given head and opening is 

G = 8-026 X a7H X -6 X A X 6-23 X 60, 

and for the head required on a certain opening to give a 

certain discharge, 

G 



H={\6-23 X 60 



-025 J 



8-026 

For example, — ^What will a sluice gate opened 1 foot and 8 
feet wide discharge with a head to the centre of the orifice 
of 1 foot ? By the formula 
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GUdlons per minute. 
8-026 X VT X -6 X 3 X 6-23 x 60 = 6399-54 



8-025 
1 


14-4460 
6-23 


8-026 
•6 


433350 
288900 
866700 


4-8150 
3 


89-992360 
BO 


ll-i^KO 


\j\j 



6399-541000 

or a little over 6399^ gallons per minute. 

If the head had been required to pass 6399 - 64 gallons per 
minute through a sluice opening of 1 foot x 3 feet, 

By formula 

6399 - 64 



,6-23 X 60 






8-025 
6-23 
60 



1 foot. 



373 - 80)6399 - 64(14 • 445 8)14 - 4460 

37380 

•6)4-8150 



166154 8-025)8-025 

149520 

1-000 



166340 and the square of 1 is one ; therefore 
149520 the head required is one (1) foot 

168200 
149520 



186800 
186900 
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The water may occasionally be supplied from a Bluice yalve 
(see Plate IX., Diagram 4), and then the following formulad 
are applicable, assmning that a length of pipe of not more 
than 2 to 3 diameters is attached to it, for if more pipe is 
attached, then the friction in the pipe also must be taken into 
acconnt (see Chapter IV. of this work). Assuming, therefore, 
that the pipe is not longer than twice or three times the 
diameter of the sluice valye we may use 

G = VH^ X <P X 10 



d " ^ 



V WHx 10/ 



VH X 10> 

For example. — ^What is the discharge of a sluice valve 
4 inghes in diameter with a head on the centre of the valve 
of 1 foot ? By the formula 

VI X 4« X 10 
= 1 X 16 X 10 
16 X 10 
= 160 gallons per minute. 

If the head is required to discharge 160 gallons per 
minute, we have 

/ 160 Y 
\4* X 10/ 
160 



160 
For diameter we have 



= 1 foot. 



•\ 



vi.vrxio) 

/160 

~ Vlo 

= V 16 =4 inches. 
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Mode of reading the Water Meter, — The water meter index 
is represented on Plate IX., Diagram 5, and is read as 
follows: — ^The pointer (A) lias reference to the outer or 
•'' tens " circle divided into ten equal parts of 100 gallons each, 
numbered 100, 200, &c., to 1000, and each divided into ten 
equal parts of 10 gallons each. The large central hand B 
has reference to the inner or '* thousand " circle divided into 
ten equal parts of 10,000 gallons each, numbered 10, 20, &c., 
to 100, and each divided into ten equal parts of 1000 gal- 
lons, the whole revolution of the hands showing 100,000 
gallons. In addition to these hands, another hand 0, com- 
plete in a dial of its own, measures 1,000,000 gallons for a 
complete revolution, each division (of which there are ten) 
numbered from 1 to 10, showing 100,000 gallons. In order 
to estimate the quantity of water which has passed through 
the meter, the various amounts as registered by the various 
hands must be added together, care being taken only to count 
completed divisions ; thus, in the diagram the hand C has 
completed one division of 100,000 gallons, the hand B has 
completed 70 divisions of 1000 gallons each, making 70,000 
gallons, the pointer A stands at 500 gallons, and has con- 
sequently registered 500 gallons, therefore we have 

Hand C 100,000 

B 70,000 

Pointer A 500 



Total gallons 170,500 

170,500 gallons is therefore the quantity which has passed 
through the meter since all the hands stood at 0. Sometimes 
another small dial is added registering 10,000,000 gallons, 
but the principle of adding the registers of each fmger and 
the pointer together remains the same. Where a meter does 
not stand at when it is fixed, it is necessary to record its 
reading, this reading is then subtracted from any future 
reading, and the result is the number of gallons passed since 
the meter was fixed. 
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APPENDIX IL 

CONTAINING EXAMPLES NOT GIVEN IN THE BODY OF 

THE WORK. 



■ Ot 



Examples fob Siphon Pipbs. 

Suppose a siphon jproper^ with a head of 10 feet, a diameter 
of 9 inches, and a length of 500 yards, and a bend of 8 feet 
radius at the top, what is the discharge, the inlet requiring 
a coefficient of 81 ? First assume a discharge of 200 
gallons per minute. 

Head for velocity of entry. 



Head in feet. 



For friction. 

200' X 50 

For bend, 

|»-'31+(l-S.7x(ii)'')}xi^^=-00' 



Total head required for 200 gallons per minute .. 1*430 

By logarithna, for velocity of entry. 

Log of 9 = 0-9542425 

X 2 = 1 • 9084850 
X 13 = 1-1139434 

Log of (13 X 9'*) 3-0224284 
Log of 200 = 2-3010300 
Log of (13 X 9') = 3-0224284 

- 1-2786016 
X2 2 

-2-5572032 
KHimuer corresponding to log, - 036. 
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For friction. 

Log of 200 = 2-3010300 



X 2 = 4-6020600 
X 500 = 2-6989700 



7 3010300 
Log of (3 X 9)» = 7-1568190 

0-1442110 
Number corresponding to log, 1*393. 

For hend. 

4-5 



Log of 3 = 0-4771213 
Log of 9 = 0-9542425 

1-4313638 
X5 5 



7-1568190 



96 
and log of this is equal to 



= 0-047, 



-^ 2-6720979 



X 3-5 = - 5-3523426 
Log of 1 • 847 = • 2664669 



-5-6188095 



Nnmber corresponding to log : * 00004157 
Log of 1-21 = 0-0827854 + 0-131 



X 2 = 0-1655708 
X 90 = 1-9542425 



= 0-131 say. 



2-1198133 
-^960 = 2-9822712 



- 1-1375421 
Log of 0-131 = - 1-1172713 

-2-2548184 

-01798 number corresponding 

to log; 

then -01798 -T- 12 = -00149. 
Then by Rule [59] we have 

As Vl-4.3 : VIu : : 200 : 528 gallons per minute. 
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By logarithms. 

Log of 1-43 = 0-1553360 

^ = 0-0776680 
Log of 10 = 1-0000000 



-4-2 = 0-5000000 
X 200 = 2-3010300 



2-8010300 

-^ Vl-43 = 0-0776680 



2-7233620 
528 - 8 number correspondiiig to log ; 

the siphon will therefore discharge 528 gallons per minute. 
Suppose, again, we required the diameter of a siphon pipe 
to discharge 506-38 gallons per minute, that it was 500 
yards long, and the bend the same radius, then we must 
assume a diameter at first ; say we assume 6 inches, then we 
have with this assumed diameter : — 

For velocity of entry. 

Head in feet. 
/506:38Y^ 

V13 X 6V 
For friction. 

'''•f\V- = 67-850 
(3 X 6/ 

For bend. 

Total head required with 6-inch pipe for 

506-38 gallons =69-021 

By logarithmsy for velocity of entry. 

Log of 506-38 = 2-7044677 
„ (13 X 62) = 2 - 6702459 

0-0342218 



X 2 = 0-0684436 
Sfnmber corresponding, 1 - 17. 
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¥or friction. 

Log of 506-38 = 2-7044677 



X 2 = 5-4089354 
X 500 = 2-6989700 



8-1079054 
Log of (3 X 6)5 = 6-2763625 



1-8315429 
Number corresponding, 67 * 85. 

The working of the bend formnla is not placed here ; an 
example has before been given. The result is as above, 
0-001 feet 

Then by Bnle [62] we have 

Inches. 

-yiO : 4^69-021 :: 6 : 8-82 diameter; 

therefore with 10 feet, 500 yards length, and 506*38 gallons 
per minute discharge, a diameter of say 9 inches is required. 

Log. 10= 1-0000000 



-T-5 = 0-2000000 
Log. of 69-021 = 1-8389812 



-4-5= 0-3677962 
X 6 = 0-7781513 



_ 1 - 1459476 
-^ 41^10 = 0-2 



0-9459475 
The number of which is 8 * 82. 

It must be remembered that Bule [62] is only strictly 
applicable when the pipe is a long one, or at least 2000 
diameters. 
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Examples for jets. 

To what height will a jet rise with 20 feet head on the 
nozzle, and a nozzle of -fths of an inch ? By Formula [67] 

Difference between height of 
head and height of jet. 

^ X -0124 = '0496 
5 

The jet wonld therefore rise 19 • 9504 feet. 

What discharge will a |ths jet give with 20 feet head on 

the nozzle ? By Kule [68] 

Grallons per minute. 

V20 X 62 X 0-22 
= 4-47x25x -22 = 24-585 

The nozzle would therefore deliver a little over 24^ gallons 
per minute. 

As FormulsB [79] and [80] are of rather a complicated 
nature, though unavoidably so, to those not used to written 
formula, I append examples. 

In Plate YIII., Figs. 3 and 4, the total width of the 
river is 80 feet, but by the piers and abutments it is con- 
tracted to 60 feet ; that is, the spaces A, B, C between the 
piers only measure 20 feet each, what is the discharge in 
cube feet per second, the theoretical velocity of approach being 
equal to 2 feet per second, the depth d^ equal to 1 foot and 
the depth d^ to 2 feet ? 

1st, the head due to the theoretical velocity of approach of 

2 feet per second, corresponding to an actual velocity of about 

1*91 foot per second, is 

22 
r>A , AVQ or equal to '062 feet. 

Now by Formula [79] we have 

0-6 X 60 X 8-025 x {2 x V(l + 0-062) + f 

X [(l + 0-062)i«^-0-062i-s]} 

= 288-9 X {2-06 + f x [1-094 - 0-015]} 

= 288-9 X {2-06 + 0-719} 

= 288-9 X 2-779 

= 802 * 85 the discharge in cube feet per second. 
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Assuming a discbarge of 802 * 85 cubic feet per second, and 
tbe deptbs d^, dz tbe same, as also h or tbe bead due to tbe 
velocity of approacb, we bave by Formula [80] for tbe lengtb 
in lineal feet of tbe openings added: — 









802-85 






•6 X 8-025 X 


{2 


X 


V(l + 0-062)+f[(l + 0- 
-0-062 1-5]} 


062)i» 








802-85 






4-815 


X 


{2 


•06 + f [1-094- 


- 0-015]} 










802-85 







4 


•815 X {2-06+0-719} 




802-85 




4-815 X 2-779 




802 85 




13-38 




= 60 



Tbe lengtb of tbe spaces A, B, C, Diagram 3, is tberefore 
60 feet, as assumed in Formula [79]. 

On page 28 I say tbat tbe Formula 46 reversed sbould be 
used wben a different coefficient from * 817 is required. For 
tbose unaccustomed to tbese matters it is bere given reversed, 
as follows : — 



wbere 



{(z'^O'^^'^H'^-^' 



D = discbarge in cubic feet per second ; 
A s area in square feet ; 
c = coefficient according to circumstances ; 
n = bead in feet. 
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APPENDIX HL 



A FEW remarks are necessary, to make this work complete, 
on the coefficients to be used when the notches A, shown 
in Plate I^ Diagrams A to I, become short level troughs or 
level shoots. 

First, when the orifice becomes a short trough of about 
once and a half to twice its width the coefficient rises from 
* 615 to * 667, and even * 75 under favourable conditions of 
entry ; when the trough, if about 12 inches square, becomes 
3 or 4 feet long, the coefficient to be used falls to ' 5, and to 
still less as the length of the trough increases ; when, however, 
the trough is longer than 4 to 5 feet, the formula for nhort 
channels should be used as shown in Chaper YI. 

The coefficients for orifices of the form shown in Plate I., 
Diagrams A to I, are therefore 

For thin plates *615 

For troughs 1* the width in length .. .. • 667 to • 75 
For troughs 12 inches square and 3 feet long * 5 

The formulas remaining the same for each form, but the 
coefficient being altered as above. 
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TABLI L — DieCBAIMB 0TE8 A WOB TdELTE iNOBCa WiDI. 

CoefflcisDt 5'3t. Bule :— 1 ^ Depth in Feet, x 534 x Area in Fe 

Dintlinrgo in Cubio Keet per Seoond. 



°ir 


Cum fc« 


G.ll.^ 


OdlDiiB pf r 


Depth 


Cubic r»i 


O-UloM 


.:.,„.„ 




per««,ud. 


per h...r. 




lueh* 


p.r««,nd. 


p.r bour. 


MtantiT 


^ 


■001338 


30 


721 


2| 


-313460 


7030 


168726 


i 


■003786 


85 


2038 


2]V 


■325020 


7309 


175483 


1 


■008SS6 


158 


3744 


4 


■aieioo 


7591 


182199 


■010702 


240 


5760 


2ft 


■351272 


7878 


189080 


i: 


■OHBb-7 


S36 


8056 


2 


■364200 


8168 


196039 


' 


■019675 


441 


10590 


It 


•377292 


8462 


2(0086 


' 


■02*793 


556 


ia345 


-390531 


8759 


210212 


■030280 


679 


16292 


2i 


■403928 


9059 


217423 


J 


■036133 


810 


19149 


2 


■417475 




224715 




■042319 


Q49 


22779 


'H 


■431168 


9670 


232086 


1 


■048813 


1094 


26274 


a 


■444972 


9979 


239S16 


■055631^ 


1248 


29943 


















i 


■002731 


1407 


33768 




■458961 


10293 


247046 


■070100 


1572 


37732 




■473087 


lOtilD 


254649 


i 


■077743 


1744 


41848 


W 


■487338 


10930 


262320 


1 


■085635 


1920 


46094 


■501731 


11253 


2T006B 










It 


■516311 

■530997 


11579 

11909 


277915 
285821 


^A 


•093720 


2104 


50184 


li 


■102187 


2292 


55004 


1 


■545820 


12241 


293800 


It 


■110825 


2485 


59653 


■560744 


12576 


301832 


■119671 


2684 


G4410 




■575833 


I2H14 


309955 


1* 


■128)91 




69320 




■591068 


13256 


318155 


H 


■137617 


3086 


7i'<75 


li* 


■606415 


13601 


326416 


if 


■1476 If 


3310 


79450 


■621906 


13948 


334755 


•157330 


3528 


84(18(1 


31J 


■637463 


14297 


34:1128 


ift 


■167270 


3751 


90037 


3i 


■653242 


14651 


351622 


11 


■177409 


3979 


9i404 


m 


•669108 


J5006 


360161 


i? 


■187745 
■198276 
■20899S 


4210 
4447 

46S7 


l(ri058 
106726 
1)2497 


4 


■683108 


ISISGS 


36877* 


^a 


4iV 


■701240 


J5727 


S77457 


ij 


■219879 


4931 


118355 




■717583 


16094 


386258 


1?* 


■230965 


5180 


124322 


1 


■733855 


16459 


395013 




■242213 


5432 


130376 


■750353 


16829 


403894 










',t 


■766975 
•783721 


17201 
17577 


412841 

421856 


2iW 


■253663 


5689 


136536 


21 


■26S277 


5949 


142791 


u- 


■80<»568 


17955 


430913 


2A 


■277073 


6214 


149140 


-817354 


18336 


440077 


21 


•289021 


6182 


ir^5«6 


*."« 


■834616 


18719 


449251 


2ft 


-301164 


6754 


162108 


'^ 


■831836 


19104 


458519 



Dote,— Hi* bod ts 
cdfi uid dear OTcrfall. Tbu TabU ■■ 
of ^prouh. 
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Table I.— DisaBuas oteb a Weis Tweltb iNoma Wide— conlAiuni 



D^ 


Coble r«i 


GallDM 


r..lb™p,.| ^f^ 


Cubic IM 


Q-Ui™» 




Inchw, 


pcrKCBad. 


pUhUM. 


Mtou™. j„jh« 


p.r«cona. 


perkcrar. 


Mhuu^'^ 


¥ 


■869171 


19493 


467S5I 


U 


1-67187 


37496 


899919 


■seesss 


19384 


4772^11 


'A 


1-69354 


37983 


011585 


*+i 


■904178 


20278 


486694 


n 


1-71530 


38471 


923301 


* 


■S2I847 


20675 


496204 


i\ 


1-73716 


38901 


935065 


is 




21074 


505773 


n 


1-75911 


39*53 


940879 


5 


-957528 


21475 


616411 


7A 


1-78114 


39947 


958738 










7 


1-80328 


40444 


S70654 










5A 


■975547 


21S79 


525110 


w 


1 -82550 


409*2 


982617 


5i 


■993569 


22283 


53*811 


1-84781 


41444 


994672 


^1^ 


1-01180 


22692 


544027 


' 1 


1-87021 


419*5 


1006680 


1-03018 


23105 


55*519 


7 


1- 88272 


42*49 


1018790 


«A 


1 '04802 


23518 


56**44 


'^ 


1-91530 


42956 


1030950 


H 


1-08718 


23934 


67**34 


s 


1-93797 


43464 


1043150 


SA 


1' 08586 


24354 
24774 


584*89 
694595 










1-10464 


SA 


1-90072 


43975 


1055*00 




1-12343 


25197 


604739 


8* 


1-98359 


44488 


1067710 




1-14252 


25622 


614928 


I'f 


2-00650 


45000 


1080018 


SH 


1-16159 


26052 


6252*5 


2-0295* 


45518 


1092442 


1-18078 


26483 


63558* 


8A 


2-05264 


46036 


1104880 




1-20009 


20916 


6*5975 


Si 


2-07585 


46557 


1117368 




1-21951 


27351 


656*27 


"ft 


2-09914 


47(179 


1129907 


«ti 


1-23904 


27789 


666940 


8* 


2-12252 


47604 


1142491 


6 


1-25805 


28229 


677*98 


It 


2-14598 
3-16952 


481S0 
48683 


1155122 

1167791 










"iiS" 


1-27838 


28671 


688116 


w 


2-19813 


49187 


1180501 


»* 


1-29821 


29116 


698791 


2-21686 


49719 


H93273 


»A 


1-31813 


2951)3 


709511 


8H 


2-2*066 


50253 


1206086 


6i 


1-33814 


30012 


720283 


IBJ 


2-26*.^S 


50789 


1218934 


8,', 




80463 


731122 


811 


2-28823 


51320 


1231690 


*!J 


1-37851 


30917 


7*2012 


9 


3-31229 


51860 


1244640 


«iV 


1-39884 


31373 


752900 










8i 


1-41926 


31831 


763946 




2-33644 


52*01 


1257940 




1-43967 


32289 


77*936 




2-36064 


62944 


1270665 


6 


1-46042 


32754 


7fi61O0 


It 


2-38485 


S3487 


I2S3700 


&* 


1-48113 


33219 


797251 


2-40930 


54036 


1296856 


1-. 10195 


33686 


808*50 


9A 


2-43374 


54571 


1309714 


6H 


1-52279 


34153 


819674 


»! 


2-45826 


S5134 


1323212 


^ 


]■ 54380 


34624 


830a8* 


\lt 


2-48293 


55687 


1330490 


6"^ 


1-56489 


35037 


8*2340 


2-50759 


56240 


1349764 


7 


l-5e«10 


35573 


853754 


9's 


2-53239 


56796 


1363113 










1 9 


2-55751 


67359 


1S76636 










Trtr 


1 -00740 


36051 


865219 


\w 


3-58223 


67914 


1389932 


7i 


1-62879 


36530 


876735 


3-60727 


68475 


1403419 


7A 


I ■65029 


37012 


888302 


9ii 


2-63237 


5B068 


1416930 
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"^l" cubic frrt 


dloni. 


G»IIoiiii per 


D.PU. 


CoWc f«i 


OtllOIH 


G«l]™> per 


£„^lp«.™dd. 






InchM 




pertHur. 




H 


2-65758 


S9604 


14305(10 


IHt 


4-86667 


87933 


2350400 


m 


2-68285 


60170 


1444103 


14 


4-4SG08 


100613 


2414720 


10 


2-70815 


60738 


1457722 


i4i 


4-60679 


103321 


2479706 










i4 

14| 


4-72876 
4-85137 


106056 
108805 


2545360 
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io^ 


2-73364 
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1471440 


i"i 
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1485124 


15 
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111585 
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» 


2-78467 
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ISi 
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114388 


2745316 


2 81083 
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1^1 
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1«A 
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10) 
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16 
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iS- 
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64768 
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65350 
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16i 
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i»A 


2-S3!)83 
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IS 
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17 
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3231053 
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1667445 


18 
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3520301 


11 


3-12439 
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1681770 


lej 
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3594000 
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"^ 
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"t 
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19 
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7-23297 
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18i 
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19i 
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4046170 
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73687 
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20 
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171795 
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8-31263 
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74905 
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1787722 










20i 
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"iV 
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75515 
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23 


9-44643 
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215329 


5167900 


13 


4-01431 
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2160790 
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5251570 
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1-13042 


92637 


2223290 


9-91218 


222310 


5335450 


13i 


4-24790 


95272 
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21 


10-0694 


225S34 


5420031 
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TABLE III. 

The following table exhibits the results of experiments made 
on the canal at Languedoc by Lespinasse, on a sluice gate 
of a breadth of 4 • 265 feet. The woodwork which surrounded 
this orifice was 0*886 foot thick, and even 1*772 foot thick 
on the lower edge, also when the gate was raised only slightly 
the contraction ceased on all four sides, and the coefficient 
increased considerably; for example, the gate being only 
raised 0*394 foot, had for a coefficient 0*803,* while 
with 1*509 foot opening a coefficient of only 0*641 was 
obtained. 



OpeningB. 


Head on the 
centre of orifice. 


Discharge In one 
second, cnbe feet. 


Coefficient. 


Area, sq. feet. 


Height, feet. 




7-745 


1-805 


14-554 


145-292 


•613 


6-992 


1-640 


6-631 


92-635 


•641 


6-992 


1-640 


6-247 


88-221 


•629 


6-466 


1-509 


12-878 


138-937 


•641 


6-723 


1-575 


13-586 


128-764 


•647 


6-723 


1-575 


6-394 


83*948 


•616 


6-723 


1-575 


6-217 


79-857 


•594 


6-717 


1-575 


6-480 
Mean 


85-219 

coefficient .. 


•621 
•625 



* This was probably dae to the orifice becoming a rectangular tube 
when slightly raised. 
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Table VII.— Showing the Dischaboes through a Shobt Fife or 

Two DiAMETEBS COMING FBOM A BoX, A8 SHOWN ON DiAOBAM 1, 

Plate VIIL, with a Head on the Centre op the Pipe* op 
One (1) Foot. 



Diameter 
in incties. 



1 

H 

2 

21 
3 
Hi 
4 

41 
5 
51 
6 

61 

7 

71 
8 
81 
9 

91 
10 

101 

11 

111 

12 



Dischai^iii 

gallons per 

minute. 



3-25 

13-00 

29-25 

52-00 

81-25 

117-00 

159-25 

208-00 

263-25 

325 00 

393-25 

468-00 

549-25 

637-00 

731-25 

832-00 

939-25 

1053-00 

1173-25 

1300 00 

1433-25 

1573-00 

1719-25 

1872-00 



Diflcbargein 

gallonain 

8 hoars. 



1,560 

6,240 

14,040 

24,960 

39,000 

56,160 

76,440 

99,840 

126,360 

156,000 

188,760 

224,640 

263,640 

305,760 

^351,000 

399,360 

450,840 

505,440 

563,160 

624,000 

687,960 

755,040 

825,240 

898,560 



Rejcabks. 



The head assumed to gvre 
the discharge shown is in all 
cases one foot in this table. 

The discharge for any other 
head may be found by the rule 
that the discharge is propor^ 
tional to the square root of the 
head. 

A sluice head in Victoria is 
equal to about 200,000 gallons in 
24 hours, therefore a 4-inch pipe 
in a box of the description 
shown in Plate VUL should 
have a head of 0-668 feet or 
8^ inches over the centre of 
the pipe to give one ** sluice 
head." 

The head should be measured 
to still water — or an addition 
made for velocity of approach. 



* This pipe Is supposed to be horizontal 
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A Pocket-Book for Chemists, Chemical Manufacturers^ 

Metallurgists y Dyers^ Distillers^ Brewers^ Sugar Refifters^ Photographers ^ 
Students, etc., etc. By Thomas Bayley, Assoc. R.C. Sc. Ireland, Ana* 
lytical and Consulting Chemist, Demonstrator of Practical Chemistry, 
Analysis, and Assaying, in the Mining School, Bristol. Second edition, 
royal 32mo, roan, gilt edges, 5^. 

Synopsis of Contents : 

Atomic Weights and Factors— Useful Data — Chemical Calculations— Rules for Indirect 
Analysis — Weights and Measuresfr— Thermometers and Barometers — Chemical Physics- 
Boiling Points, etc.— Solubility of Substances^-Methods of Obtaining Specific Gravity — Con- 
version of Hjrdrometers — Strength of Solutions by Specific Gravity— Analysis— Gas Analysis- 
Water Analysis— Qualitative Analysis and Reactions— Volumetric Analysis — ^Manipulation — 
Mineralogy — Assa3ring — Alcohol — Beer— Sugar — Miscellaneous Technological matter 
relating to Potash, Soda, Sulphuric Add, Chlorine, Tar Products, Petroleum, Milk, Taliow, 
Photography, Prices, Wages, etc., etc 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst. C.E., Author of * A Handbook of the Differ- 
ential Calculus,* etc. Second edition, crown 8vo, cloth, ts, 6d, 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplicatiun— Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — ^Tables of Logarithms 
and Proportionate Parts— Transformation of System of Lop^arithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Bmominal Theorem — Division, 
Fractions and Ratio — Continued Proportion— The Series and the Summation of the Seriefsr^ 
Limit of Series— Square and Cube Roots^Equations— List of Fon^uk&t ^\j^. 
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On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst. Mech. Engineers, Author of 'Designing Valve 
Gearing.' Fcap. 8vo, sewed, 6d. 

A Handbook of FormulcB^ Tables, and Memoranda^ 

for Architectural Surveyors and others engaged in Building. By J. T. 
Hurst, C.E. Twelfth edition, royal 32mo, roan, 5j. 

Containing : 

Formulae and Tables for the Strength of Materials, Roofs, Water Supply, Drainage, Gas, 
and other matters useful to Architects and Builders — Information connected with Sanitary 
Engineering — Memoranda on the several Trades used in Building, including a Description of 
Materials and Analyses for Prices of Builders' Work — ^The Practice of Builders' A^asure- 
ment — Mensuration and the Division of Land— Tables of the Weights of Iron and other 
Building Materials — Constants of Labour — Valuation of Property— Summary of the Practice 
in Dilapidations— Scale of Professional Charges for Architects and Surveyors — Tables of 
English and French Weights and Measures. 



(( 



It is no disparagement to the many excellent publicatiois we refer to, to say that in our 
opmion this little pocicet-book of Hurst's is the very best of them all, without any exception. 
It would be useless to attempt a recapitulation of the contents, for it appears to contain almost 
everything that anyone connected with building could require, and, best of all, made up in a 
compact form for carrying in the pocket, measuring only 5 in. by ^ in., and about f in. thick, 
in a limp cover. We congratulate the author on the success of his laborious and practically 
compiled little book, which has received unqualified and deserved praise from every profes- 
sional person to whom we have shown it."— The Dublin Builder. . 



Quantity Surveying, By J. Leaning. With 42 illus- 
trations, crown Svo, cloth, 9J. 



Contents : 



A complete Explanation of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Modes of Measurement of the varioiu Trades. 
Use and Waste. 
Ventilation and Warming. 
Credits, with various Examples of Treatment. 
Abbreviations. 
Squaring the Dimensions 
Abstracting, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 
Do. Bill of Credits. 
Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of Bill. 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Sp>ecifications. 

Prices and Valuation of Work, with 

Examples and Remarks upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Oki Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of ' ' Taking OflF" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 



The Principles of Graphic Statics. By George 

Sydenham Clarke, Lieut. Royal Engineers. With 112 UlustraHons. 
4to, cloth, I2s. 6d, 
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Spans Builders Pocket-Book of Prices and Menuh 

randa. Edited by W. Young, Architect. Royal 32mo, roan, 4/. 6^. ; 
or cloth, red edges, 3^. (>d. Published annually. Eighth edition. N9W 
ready, 

Long-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed Type Systems of Construction, with numerous 
Formulae and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc Inst C.£. Plates^ crown 8vo, 
cloth, 5j. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs, By AUGUST RiTTER, Ph.D., Professor at the Polytechnic 
School at Aix-la-Cbapelle. Translated from the "third German edition, 
by H. R. Sankey, Capt. R.E. With 500 illustrations^ 8vo, cloth, 15J. 

The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, is, 6d, 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Third 
edition, crown 8vo, cloth, \%s. 

Section I. On the Equality and Distribution of Forces— Section II. Resistance tA. 
Timber — Section III. Construction of Floors — Section IV. Construction of Roc^a — Sec- 
tion V. Construction of Domes and Cupolas— Section VI. Construction of Partitions-^ 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges — Section IX. Coffer-dams, Shoring, and Strutting — Section X. Wooden Bridges 
and Viaducts — Section XI. Joints, Straps, and other F^tenings— Section XII. Timber. 

Engineering Notes, By Frank Robertson, Fellow 

Roy. Astron. Soc., late first Lieut R.K, and Civil Engineer Public 
Works Department in India. 8vo, cloth, 12s, 6d, 

The object of this work is to supply an exhaustive digest of all that is known on each 
subject, so far as is necessary and sufficient for an Engineer in practice, especially in India. 

The Electric Light in its Practical Application, By 

Paget Higgs, LL.D., D.Sc, Telford Prizeman, and Associate Member 
of the Institution of Civil Engineers. With 94 illustrations^ 240 pages. 
Demy 8vo, cloth, 9^. 

Contents : 

Introductory — Lamps or Burners Employing the Voltaic Arc— Electric •'Candles" and 
Candle Lamps — Lighting by Incandescence — Magneto and Dynamo-electric Machines— 
Mechanic^ Efficiency of Electric Light Machines— Simple Mathematical Considerations 
Concerning Electric Lighting — Electric Regulators — Commercial Aspect of Electric Lighting 
— ^Division of the Electric Light— Maritime and Military Aspects— Various Applications of 
the Electric Light— Electric Carbons. 
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Progressive Lessons in Applied Science. By Edward 

Sang, F.R.S.E. Crown 8vo, cloth, each Part, 3J. 

Part T. Geometnr on Paper— Part a. Solidity, Weight, and Pressure — ^Part 3. Trigono- 
metry, Vision, and Surveying Instruments. 

A Practical Treatise on Coal Mining. By George 

G. Andr^, F.G.S., Assoc. Inst C.K, Member of the Society of Engineers. 
With 82 lithographic plates, 2 vols., royal 4to, cloth, 3^ 12s, 

Contents : 

I. Practical Geology— II. Coal, its Mode of Occurrence, Composition, and Varieties— III. 
Searching for Coal — IV. Shaft-sinking — ^V. Driving ofLevels,or Narrow Work— VI. Systems 
of Working— VII. Getting the Cod— VIII. Haulage— IX. Winding— X. Drainage— XI. 
Ventilation — XII. Incidental Operations — XIII. Surface Work— XIV. Management and 
Accounts — XV. Characteristics of the Coal Fields of Great Britain and America. 

The Electric Transmission of Power^ its Present 

Position and Advantages, By Paget HiGGS, LL.D., D.Sc Telford 
Prizeman, and Associate Member of the Institution of Civil Engineers. 
With numerous illustrations. Crown 8vo, cloth, 3J. 

Contents : 

Dynamo-electric Machines — The Gramme Machine — ^The Brush Machine — The Wallace- 
Farmer and Siemens Machines — Efficiency of D^rnamo-electric Machines — Practicability of 
the Transmission of Power by Electricity — Efficiency of Coupled Machines — Comparative 
£fficien(:y of Various Machines— Other Theoretical Considerations— Condusions. 

Spons* Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 

No. I, Ceylon. By Abraham Deans, C.E. 2s, 6d, 

Contents : 

Introductory Remarks^ Natural Productions— Architecture and Engineering— Topo- 
graphy, Trade, and Natural History^— Principal Stations— Weights and Measures, etc., etc 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.I. With 
Map. 3^. 6d, 

Contents : 

General Description of South Africa — Physical Geography with reference to Engineering 
Operations — Notes on Labour and Material in Cape Colony — Geological Notes on Rock 
Formation in South Africa — Engineering Instruments for Use in South Africa — Principal 
Public Works in Cape Colony: Railways, Mountain Roads and Passes, Harbour Works, 
Bridges, Gas Works, Irrigation and Water Supply, Lighthouses, Drainage and Sanitary 
Engineering, Public Buildings, Mines— Table of Woods m South Africa— Animals used for 
Draught Purposes — Statistical Notes — ^Table of Distances — Rates of Carriage, etc. 

No. 3. India. By F. C. Danvers, Assoc. Inst C.E. With Map. 4X, 6d, 

Contents : 

■ Physical Geography of India — Building Materials— Roads— Railways— Bridges-^Irriga- 
ijon — River Works — Harbours— Lighthouse Buildings — Native Labour — The Prindpal 
Trees of India — Money — Weights and Measures— Glossary of Indian Terms, etc. 
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A Practical Treatise on Casting and Foundings 

including descriptions of the modem machinery- employed in the art By 
N. E. Spretson, Engineer. With 82 plates drawn to scale, 412 pp. 
Demy 8vo, cloth, iSf. 

The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. HOSKINS, 
F.R.I.B.A. Fcap. 8vo, cloth, u. 6a?. 

Coffee Planting in Southern India and Ceylon. By 

E. C. p. Hull. Crown 8vo, cloth, 91. 

Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc., and in their 
relation to the Arts and Manufactures ; forming a practical treatise and 
Handbook of Reference for the Colonist, Manufacturer, Merchant, and 
Consumer, on the Cultivation, Preparation for Shipment, and Commercial 
Value, etc., of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical Regions. By 
P. L. SiMMONDS. Second edition, revised and improved, 515 pages, 
8vo, cloth, i/. I J. 

Steely its History^ Manufacture^ and Uses. By 

J. S. Jeans, Secretary of the Iron and Steel Institute. 860 pages and 
2^ plates, 8vo, cloth, 36J. 

Section I., History op Stbbx.: Chap. z. History of Steel— 9. Early History in England 
—3. Progress of Invention — 4. History of Bessemer Process— 5. Siemens-Martin Process — 
6. Other Steel-making Processes — 7. Steel in America — 8. Germany— 9. France— zo. Austria 
— II. Russia — Z2. Swreden — 13. Other Countries. Section II., Manupacturb op Stbbl: 
Chap. 14. Cementation and other Methods — z5* Manufacture by Bessemer Process— 16. 
Siemens-Martin Process— Z7. Other Methods. Section III., Chbmical and Physical 
Propbrtibs op Stbbl: Chap. z8. Phosphorus in Sted— 19. The Use of Manganese— ao. 
Spiegeleisen — sz. Sulphur in Steel — 22. Silicon in Steel — 23. Tensile Strength of Steel— 24. 
Mechanical Tests of Steel — 25. Analysis of Steel. Section IV., Usbs op Stbbl : Chap. 96. 
Application of Steel to Railway Purposes — 27. To Shipbuilding^<-28. To Bridge Buildmg — 
39. To General Purposes — 30. Guns and Armour Plates — 3Z. Other Purposes. 

The Maintenance of Macadamised Roads. By T. 

CODRINGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales, 8vo, cloth, 6j. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery, By Frederick Colyeb, M. Inst C.E., M. Inst. M.E. 
With Ti plates, 8vo, cloth, i&r. 

Electric Lighting by Incandescence^ and its application 

to interior illuminatioti, a practical treatise, vfith 96 illustrations. By W. 
E. Sawyer. 8vo, cloth, icxr. td. 
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Girder Making and the Practice of Bridge Building 

in Wrought Iron, illustrated by Elxamples of Bridges, Piers, and Girder 
Work, etc., constructed at the Skeme Iron Works, Darlington, by 
Edward Hutchinson, M. Inst. M.£. With 35 plates^ demy 8vo, 
cloth, lar. 6^. 

Spons^ Dictionary of Engineering, Civil, Mechanicaly 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo, 
in 8 divisions, 5/. is. Complete in 3 vols., cloth, 5/. 5f. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. I2f. 

Seepage 15. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc By Tho^ias 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc., etc. Plates, crown 8vo, cloth, 7^. 6df. 

Metrical Tailes. By G. L. Molesworth, M.I.C.E. 

32mo, cloth, IS, 6d, 

Contents. 

General— Linear Measures — Square Measure*— Cubic M«asuret-^M«asure8 of Captdty-^ 
Weights — Combinations— Thermometers. 

A Handbook of Electrical Testing. By H. R. 

Kempe, Member of the Society of Telegraph Engineers. New edition, 
revised and enlarged, Tvith Illustrations, Crown 8vo, cloth, \zs, 6d. 

Electricity; its Theory, Sources, and Applications. 

By John T. S Prague, Member of the Society of Telegraph Engineers. 
WiUi 91 taoodcuts and 30 valuable Tables. Crown 8vo, doth, Sf. 

Electro -Telegraphy, By Frederick S. Beechey, 

Telegraph Engineer, a Book for Beginners. Fcap. 8vo, sewn td, 

H andr ailing : by the Square Cut. By John Jones, 

Staircase Builder. Fourth edition. With seven plates, 8vo, doth, 3^: 6d^ 

Handrailing : by the Square Cut, By John Jones, 

Staircase Builder. Part Second, with eight plates, 8vo, cloth, 3j. (kI, 

TJie Gas Consumers Handy Book. By William 

RiCHAKDS, C.E. Illustrated, i8mo, sewed, 6</. 
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A Pocket-Book of Useful Formula and Memoranda 

fir Civil and Mechmnkal Engineers, By GuiLFORD L. MoLESWORTH, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. Twentieth edition, 32mo, roan, 6^. ; or printed on India 
paper and bound in pocket-book form, in russia or morocco, 7^. (>d. 

Synopsis of Contents: 

Surveying, Levelling, etc.-^Strength and Weight of Materials— Earthwork, Brickwork, 
MasOnry, Arches, etc. — Struts, Columns, Beams, smd Trusses— Flooring, Roofing, and Roof 
Trusses--Girders, Bridges, etc. — Railways and Roads — Hydraulic Formulae — Canals. Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warmine^Heat, 
Light, Colour, and Sound— Gravity : Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shaftine, etc. — Workshop Recipes — Sundry Machinery — Animal Powers-Steam and 
the Steam Enpno— Water-power, Water-wheels, Turbines, etc.^— Wind and Windmills — 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery, Projectiles, etc.— Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles— Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc.— Useful Numbers— Dififerential and Integral Calcu- 
ki»— Algebraic Signs— Telegraphic Construction and Formulae. 

" Most of our readers are already acouainted with Molesworth's Pocket-book, and not a 
few, we imagine, are indebted to it for valuable information, or for refreshers of the memory. 
The book has been re-arranged, the supplemental formulae and tables added since the first 
issue having now been incorporated witii the body of the book in their proper positions, the 
whole making a handy size for the pocket Every care has been taken to ensure correctness, 
both clerically and typographically, and the book is an iadispensablo vaeU-mecum for the 
mechanic and the professbnal man."— J^»^/mA Mtcikamic, 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.K, Author of 'Architectural 
Surveyors* Handbw)k,' *Hurst*s Tredgold*s Caipentry,' etc 64mo, roan, 
gilt edges, third edition, revised and improved, is. Or in cloth case, 
is, 6d, « 

This work is printed in a pearl t^pe* and is so small, measuring only ai ia. by zi in. by 
i in. thick, that it may be easily carried in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but 2^ in. by i| in., yet these dimensions faithfully represetit the size of the handv 
little book before us. The volume — which contains xi8 printed pages, besides a few blank 
pages for memoranda — b, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pockety and containing a far greater amount and variety of information than most^people 

would imagme could be compressed into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion.^— ^f^^Wfr/ri^. . 

Analysis, Technical Valtcationy Purification and Use 

of Coal Gas, By the Rev. W. R. BowDlTCH, M. A. With wood engravings, 

8vo, cloth, I2J-. 6d. 

Condensation of Gas— Purification of Gas— Light— Measuring--*Flaoe of Testing Gas — 
Test Candles— The Standard for Measuring Gats-light— Test Burners — Testing Gas for 

for_ Ammonia — Condensation by Bromine— Gravimetric Method of 
^arburetting or Naphthalizing Gas— Acetylene-^Esqplosions 
Rats^-Pressure as related to Public Lighting, etc. 

A Practical Treatise on Natural and Artificial 

Concrete^ its Varieties and Constructive Adaptations, By Henry Reid, 
Author of the ' Science and Art of the Manufacture of Portland Cement' 
With numerous woodcuts and plates, 8vo, cloth, 15/. 
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The Gas Analysis Manual. By F. W. Hartley, 

Assoc. Inst C.E., etc. With numerous illustrations. Crown 8yo, 
cloth, 6j. 

The French- Polisher's Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6d, 

Hops^ their Cultivation, Commerce^ and Uses in 

various Countries, By P. L. SiMMONDS. Crown 8yo, doth, 4^. dd, 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas. By William Richards. D^y 4to, with numerous 
wood engramngs and large plates , cloth, 2&r. 

Synopsis of Contents: 

Introduction — History of Gas Lip^hting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Clay — Retort Setting— Hydraulic Main— -Con- 
densers •— Exhausters — Washers and Scrubbers— Purifiers— -Purification — History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station M eter — Governor — Distribution — 
Mains — Gas Mathematics, or Formulse for the Distribution of Gas, by Lewis Thomitson, Esq.— 
Services — Consumers' Meters — Regulators'—Burners — Fittings — Photometer— Carburization 
of Gas— Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Eisq.— 
Analyses of Gas — ^Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., eta 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples; to which are added rules for Shading Shade-lining, eta, 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a diapter on 
drawing Instruments. By George S. Clarke, Lieut R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College, Cooper's 
Hill. 20 plates^ 4to, cloth, 15J. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Lieut. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College, Cooper's Hill. Crown 8vo, cloth, 5^. 

Seepage 2. 

A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, etc. By Thobias 
Box. With i^ plates. Third edition, crown 8vo, doth, \2s, 6d, 
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The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W. R. KUTTER, translated fVom articles in 
the * Cultur-Ingenieur.' By Lowis D*A. Jackson, Assoc. Inst C.E. 
8vo, cloth, I2J'. dd. 

Hydraulics of Great Rivers ; being Observations and 

Surviys on the Largest Rivers of the World. By J. J, Reyy. Imp. 4to, 
cloth, with eight large plates and charts^ 2,1, 2s. 

Practical Hydraulics ; b. Series of Rules and Tables 

for the use of Engineers, etc., etc By Thomas Box. Fifth edition, 
numerous plates, post 8vo, cloth, 5^. 

A Practical Treatise on the Construction of Hori- 

zonial and Vertical IVaterwheels, with 1 1 plates, specially designed for 
the use of operative mechanics. By William Cullen, Millwright and 
Engineer. Second edition, revised and enlarged, small 4to, doth, I2s, 6d, 

Link-Motion and Expansion Gear Practically Con- 
sidered. By N. P. fiURGH, Engineer. Illustrated with ^plates andz^g 
wood engravings, small 4to, cloth, 3Qr. 

The Mechanician and Constructor for Engineers, 

comprising Forging, Planing, Lining, Slotting, Shaping, Turning, Screw 
Cutting, etc. By Cameron Knight. Containing f^ plates, 1147 illus- 
trations, and yyi pages of letterpress. Cheaper edition, cloth, I 8j. 

The Essential Elements of Practical Mechanics; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, illustrated by numerous wood engravings^ 
post 8vo, cloth, *is, 6d, 

Contents : ' 

Chap. I. How Work is Measured by a Unit, bodi with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion^Chap. j. The princi^es expounded in the first and 
second chapters are applied to the Motion of Bodies — Chap. 4. The Transmission of Work by 
simple Machines — Chap. 5. Useful Propositions and Rules. 

The Practical Millwrights and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc 
By Thomas Dixon. Fourth edition, i2mo, cloth, y. 

Breweries and Malting: their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.S., B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. CoLYER, M.I.C.E.) 
M.I.M.E., with 20 plates, 8vo, clou, i&r. 
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A Practical Treatise on Mill-gearings Wheels^ ShaftSy 

Riggt^ii ^* ; ^or the use of Engineers. By Thomas Box. Crown 8vo, 
doth, with II plates, second edition, *js, 6d, 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andr]^, F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J. 

Contents : 

Machinery for Prospecting, Excavating* Hauling, and Hoisting— Ventilation — Piunping— 
Treatment of Mineral Products, including Gold and Silver* Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Bride Earth, etc. 

The Pattern Makers Assistant ; embracing Lathe 

Work, Branch Work, Core Work, Sweep Work, and Practical Gear 
Construction, the Preparation and Use of Tools, together with a large 
collection of Useful and Valuable Tables. By Joshua Rose, M.E. 
With 250 illustrations. Crown 8vo, doth, iolt. 6d, 

The Science and Art of the Manufacture of Portland 

Cement, with observations on some of its constructive applications, Tviih 
numerous illustrations. By Henry Reid, C.E., Author of 'A Practical 
Treatise on Concrete,' etc., etc 8vo, cloth, i&r. 

The Draughtsman's Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous ilbtstratians 
in the text, and 33 plates (15 printed in colours). By G. G. Andris, 
F.G.S., Assoc. Inst. C.£. 4to, cloth, reduced to 9/. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Pfoblems-^Iines, Dots, and their 
Combinations— Colours, Shading, Lettering, Bordering, and North Points — Scales — Plottiitf 
— Civil Engineers' and Surveyors' Plans^Map Drawing — Mechanical and Architectursu 
Drawing— Copying and Reducing Trigonometrical Formulae, etc, etc. 

The Railway Builder: a Handbook for Estimating 

the Probable Cost of American Railway Construction and Equipment 
By William J. Nicolls, Civil Engineer. Illustrated, full bound, pocket- 
book form, *is. 6d, 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. ANDRi, 
F.G.S., Assoc. Inst. C.E. PVith 56 illustrations and 12 plates, 8vo, doth, 
ios.6d. 

Surcharged and different Forms of Retaining Walls. 

By J, S. Tate. Cuts, 8vo, sewed, 2s, 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufactare, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3J-. 

Sanitary Engineering ; a Series of Lectures given 

before the School of Engineerings Chatham^ Division I. Air. — Division II. 
Water. — Division III. The Dwelling.— -Division IV. The Town and 
Village. — Division V. The Disposal of Sewage. Copiously illustrated. 
By J. Bailey Denton, C.E., F.G.S., Honorary Member of the Agri- 
cultural Societies of Norway, Sweden, and Hanover, and Author of the 
'Farm Homesteads of England,* 'Village Sanitary Economy,' 'Storage 
of Water,' * Sewage Farming,' etc. Royal 8vo, cloth, 25^. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts^ 8vo, cloth, l/. lOr. 

A Practical Treatise on Modem Screw-Propulsion. 

By N. P. Burgh, Engineer. Illustrated with 52 large plates and 103 
woodcutSy 4to, half-morocco, 2/. %s. 

Screw Cutting Tables for Engineers and Machinists ^ 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P,, F.R.S., F.K.A.S., 
etc. Royal 8vo, cloth, oblong, zr. 

Screw Cutting Tables^ for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal 8vo, oblong, cloth, u. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's^ 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher, i8mo^ «ew^A^^iA, 
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Treatise on Valve-Gears^ with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner. 
Third edition, revised and enlarged, translated from the German, with the 
special permission of the author, by Moritz Mt^LLER. Plates^ 8vo, 
cloth, I2J. 6(/. 

A Pocket' Book for Boiler Makers and Steam Users ^ 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public By Maurice John Sexton. Royal 32mo, roan, gilt 
edges, 5j. 

The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and other Forms of 
Girders, the Curved Roof, and Simple and Compound Trusses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers, with 64 illustrations^ drawn and worked out to scale^ 
8vo, cloth, 12^. dd, 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and ^ plates^ in one Volume, half-bound morocco, 2/. 2J. ; 
or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of fiorizontal. Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pbtons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of i^iplying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writers desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

Barlow's Tables of Squares, Cubes, Square Roots, 

Cube Roots^ Reciprocals of all Integer Numbers up to io,ooa Post 8vo, 
cloth, 6^. 

Camus (M.) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their nmnbers, translated from the French, third edition, carefully revised 
and enlarged, with details of the present practice of Millwrights, Engine 
Makers, and other Machinists. By Isaac Hawkins. Illustrate by 
i8//a/es, Svo, cloth, Ss, 
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A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities^ etc,^ with a 
general description of the sevend Instmments required for Surveying, 
Levelling, Plotting, etc By H. S. Merrett. 41 fine plates with Illus' 
trations and Tables ^ royal 8vo, doth, third edition, izr. oc/. 

Principal Contents: 

^ Part z. Introduction and the Principles of Geometry. ^ Part a. Land Surveying ; com- 

f rising General Observations— The Chain— Offsets Surveying by the Chain only— Surveying 
lilly Ground — ^To Survey an Estate or Parish by the Cnain only— Surveying with the 
Theodolite — Mining and Town Surveying— Railroad Surveying— Mapping— Division and 
Laying out of Land— Observations on Enclosures^Plane Trigonometry, rart 3. Levelling— 
Simple and Compound Levelling— The Level Book— Parliamentary Plan and Section- 
Levelling with a Theodolite — Gradients^— Wooden Curves— To Lay out a Railway Curve — 
Setting out Widths. Part 4.^ Calculating Quantities generally for Estimates— Cuttings and 
Embankments — ^Tunnels— Brickwork — Ironwork— Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting — ^The Improved Dumpy Level— Troughton*s 
Level— The Prismatic Compass — Proportional Compass— Box Sextant — ^Vemier — Panta- 
Spraph — Merrett's Improved Quadrant — ^Improved Computation Scale— The Diap^onal Scale- 
Straight Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents — Natural Sines and Co- Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc 

Saws: the History, Development, Action, Classifica- 
tion^ and Comparison of Saws of all kinds. By Robert Grimshaw. 
With 220 illustrations, 410 cloth, 12s, 6d, 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illustrations. 
Second edition, crown 8vo, cloth, 4.r. dd. 

Laying and Repairing Electric Telegraph Cables. By 

Capt V. Hoskicer, Royal Danish Engineers. Crown 8vo, cloth, 
3^. dd, 

A Pocket- Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Seventh edition, royal 32mo, roan, 4J. dd. 

Details of High-Pressure Engine, Beam Engine, Condensing, Marine Screw Engines, 
Oscillating Engines, Valves, etc., Land and Marine Boilers, Proportions of Engines produced 
by the Rules, Proportions of BoUers, etc. 

Table of Logarithms of the Natural Numbers, from 

I to 108,000. By Charles Babbage, Esq., M.A. Stereotyped edition, 
royal 8vo, cloth, yj. dd. 

To ensure the correctness of these Tables of Logarithms, they were compared with Callett's, 
Vega's, Hutton's, Briggs', Gardiner's, and Taylor's Tables of Logarithms, and carefully read 
by nine different readers ; and further, to remove any possibility of an error remaining, the 
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward offered 
to anyone who could find an inaccuracy. So correct are these Tables, that since their first 
issue in 1827 no error has been discovered. 
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The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
Professor of Applied Mechanics in the Royal Naval C<^ege; ^0| cloth, 
I2s, 6d, 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc»y with Instmctions for Taming such Work in Metal as may be reqoircti. 
in the Practice of Turning in Wood, Ivory, etc, also an Appenchx on 
Ornamental Turning. (A book for beginners). By Francis Campin. 
Second edition, with wood engravings^ crown 8vo, cloth, 6/. 

Contents : 

On Lathes — ^Turning Tools — ^Turning Wood — Drilling—Screw Cutting — Miscellaneous 
Apparatus and Processes—- Turning Particular Forms — Staining — Polishing— ^[uniiing Metals 
—Materials— Ornamental Turning^ etc. 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction P&wer^ with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, demy 8vo, 7»ith plates, cloth, *js. 6d. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. Numerous illustrations^ crown 
8vo, cloth, 6s, 6d. Contents : 

Definitions of Words and Terms used in Watchwork— Tools — lime— Historical Sum- 
mary— On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc. — Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
up — ^The Verge— The Horizontal — The Duplex— The Lever^The Chronometer— RepearioK 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation— Jewelling of 
Pivot Holes— Clerkenwell — Fallacies of die Trade — Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 

Spons Engineers and Contractors' Illustrated Book 

of Prices of Machines ^ Tools ^ Ironwork, and Contractors* Material; 
and Engineers' Directory* Third edition, 4to, doth, dr. 

The Chemistry of Sulphuric Acid Manufacture. By 

Henry Arthur Smith. C«/j, crown 8vo, cloth, 4?. 6^. 

Contents : 

Ground Plan of Kilns for Burning Sulphur Ores — Section of Pyrites Furnace— On the 
Presence of Arsenic — Methods for Removal of Arsenic — An Experimental Examination of the 
Circumstances which determine the Action of the Gases in the Lead Chamber— On the Dis- 
tribution of Gases in the Lead Chamber — On the Temperature at which Nitric Acid acts upgn 
Sulphurous Acid — On the Distribution of Heat in the Lead Chamber — An Inquiry into the 
Best Form of Leaden Chamber, etc. 
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JUST PUBLISHED. 

In i8 Monthly Parts, each Part containing 64 pp., with numerous illustraiionit supcr-foyaly 
8vo, price u. ; or in 3 Divisions, cloth, price ijt.ftd. each ; or x vol., doth, a/. 

A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING, 

€in\i P^er^amral, P^ilitarj, anb |laiaL 

Edited by ERNEST SPON, Memb. Soc. Engineers. 

The success which has attended the publication of * Spons* Dictionary of 
Engineering ' has encouraged the Publishers to use every effort tending to 
keep the work up to the standard of existing professional knowledge. As the 
Book has now been some years before the public without addition or revisioB, 
there are many subjects of importance which, of necessity, are either not 
included in its pages, or have been treated somewhat less fully than their 
present importance demands. With the object, therefore, of remedying these 
omissions, this Supplement is now being issued. Each subject in it Is treated 
in a thoroughly comprehensive way ; but, of course, without repeating the 
information already included in the body of the work. 
The new matter comprises articles upon 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Barn Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages fipr Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines^ 

Coke Ovens. Copper, 

Docks. Drainage. 

Dredging Machinery. 

D3mamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electnc 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Bttoys> and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmission. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steam Engines. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Telegraphy. 

WeU Sinking. 

Woodworking 



i 



Now in Course of Publication. 

To be completed in about 30 Monthly Parts, each Part cont^ning 64 pp., 
with numerous Ulustraiions, super-royal 8vo, price 2j. ; or in 5 Divisions, 
cloth, price ijj. 6d, each. 

DIVISIONS L, n., m., & iv., now eeadt. 

SPONS' ENCYCLOPAEDIA 



OFTHB 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 



Among the more important of the subjects treated of, are the 


following : — 








Acids. 


Food Preservation. 


Paper. 


Alcohol. 


Fruit. 




Paraffin. 


Alcoholic Liquors. 


Fur. 




Pearl and Coral. 


Alkalies. 


Gas, Coal. 




Perfumes. 


Alloys. 


Gems. 




Photography. 


Alum. 


Glass. 




Pigments. 


Asphalt 


Graphite. 




Pottery. 


Assaying. 


Hair. 




Printing and Engraving. 


Beverages. 


Hair Manufactures. 


Rags. 


Blacking. 


Hats 




Resinous and Gummy 


Blacks. 


Honey. 




Substances. 


Bleaching Powder. 


Hops. 




Rope. 


Bleaching. 


Horn. 




Salt. 


Candles. 


Ice. 




Silk. 


Carbon Bisulphide. 


Indiarubber 


Manufac- 


Silk Manufactures. 


Celluloid. 


tures. 




Skins. 


Cements. 


Ink. 




Small Croods. 


Clay. 


Ivory. 




Soap. 


Coal-tar Products. 


Jute Manufactures. 


Spices. 


Cocoa. 


Knitted Fabrics — 


Sponge. 
Stare 1. 


Coffee. 


Hoisery. 




Cork. 


Lace. 




Sugar. 


Cotton Manufactures. 


Leather. 




Sulphur. 


Drugs. 


Linen Manufactures. 


Tannin. 


Dyeing and Calico 


Manures. 




Tea. 


Printing. 


Matches. 




Timber, 


Dyestuffs. 


Mordants. 




Varnish. 


Electro -Metallurgy. 


Narcotics. 




Vinegar. 


Explosives. 


Nuts. 




Wax. 


Feathers. 


Oils and 


Fatty Sub- 


Wool. 


Fibrous Substances. 


stances. 




Woollen Manufactures. 


Floor-cloth. 


Paint. 
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